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It was four and a half years ago, on June 
27, 1951, that John Kershman died in Atlan- 
tie City following a heart attack during the 
meeting of the American EEG Society. Dr. 
Kershman as a physician, administrator and 
scientific investigator, and John Kershman as 
a colleague and friend, have been recalled 
to you by our chairman. I must add my own 
word, however, about his contributions to our 
knowledge and his inspiration to our thoughts. 

John Kershman was as versatile as he was 
energetic and industrious. He attacked the 
problem of the nervous system as neuroana- 
tomist, neurophysiologist, electroencephalo- 
grapher, neurologist and psychiatrist. With 
such a broad view he must have speculated, 
as we all do; speculated perhaps much more 
than he ever wrote on paper or spoke in 
meeting. 

In memory of John Kershman I am honor- 
ed to have the opportunity of sharing with 
all of you a few of my own thoughts and 
speculations. Perhaps I should say that they 
are our thoughts and speculations, for many 
of the ideas will sound familiar to you and I 
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shall not attempt to trace them to their 
sources. I can only treat them as part of the 
common stock of ideas and tentative guesses 
in which we all try to sum up and organize 
our information about the central nervous 
system. 

I believe that John would have been glad 
to join with me in some of these speculations 
if he were here. I know that his own thoughts 
and ideas, particularly those in his work with 
Jasper on the classification of the epilepsies, 
have influenced and contributed to my own 
thinking; but I cannot tell you precisely how. 
He contributed to, and I am influenced by, 
that whole body of knowledge, common as- 
sumptions, and trend of interest that makes 
up ‘‘eurrent thinking about the central nerv- 
ous system’’. This ‘‘thinking’’ is as diffuse 
and as difficult to define as a physicist’s field 
of force, but it is just as important. I shall 
try to verbalize one bit of it as I see it. 

My special topie is ‘‘Space and Time in 
the Central Nervous System’’. I shall set the 
stage, however, with a few words about con- 
sciousness, as the background and context for 
what I shall say later about our space-time 
frame of reference and the various sensory 
inputs that are integrated to produce it. 

Consciousness is an appropriate topic for 
electroencephalographers. Most experimental 


[ 185 ] 


186 


psychologists, on the other hand, explicitly 
reject it as a fit topic for scientific investiga- 
tion. It is accepted, however, either perforce 
or with enthusiasm, by the neurologist, the 
psychiatrist, the sociologist, and many others, 
as an inescapable reality. Electroencephalo- 
geraphers are members of this family and they 
feel an almost proprietary vested interest in 
it because of the association of characteristic 
changes in the background EEG pattern with 
various levels of consciousness or awareness. 
Furthermore, the sudden abolition of con- 
sciousness, associated with the appearance of 
certain electrical patterns of discharge in 
particular areas, gives  electroencephalog- 
raphers a better right than almost anyone 
else to speak on the problem of what partic- 
ular structures may be essential for the pre- 
servation of certain aspects of consciousness. 


In passing let me express my own per- 
sonal approval of the idea that there is a 
relatively small, centrally located, probably 
primitive, area or system that is essential for 
consciousness. I do not mean that such a 
small central area is sufficient for conscious- 
ness. No little green man sits in the pineal 
gland or anywhere else to read the ticker tape 
and throw switches. Consciousness must re- 
quire the interaction of the hypothetical 
central system with other systems or areas, 
whether sensory input systems, memory areas 
or several in combination, in order to provide 
the content of consciousness. Furthermore, 
I agree in equating consciousness with the 
highest level of integration in the sense of 
Hughlings Jackson and Sir Charles Sher- 
rington. I try to think of consciousness as the 
subjective aspect of this highest integrating 
activity. Consciousness is how the integra- 
tion looks from within. It sees, not nerve 
impulses, brain waves and chemical gradients, 
but their effects in the form of drives, trends, 
emotions, attention, specific bits of present or 
remembered information, and finally volition, 
which is the triggering of patterns of action. 

One of the elements of consciousness, that 
I have not mentioned but which we usually 
simply take for granted, is our space-time 
frame of reference. In the language of the 
neurophysiologist and the experimental psy- 
chologist this is to say that orientation to the 
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external environment and an appropriate 
timing of action in relation to events taking 
place in that environment is a necessary 
element of the highest level of integration. 
This is the sort of thing that the neuropsy- 
chiatrist has in mind when he writes in a 
patient’s record that John Doe is ‘‘fully 
oriented as to time and place’’. In order to 
be fully conscious we must be conscious not 
only of memories and fantasies, but also of 
both self and the environment. 


My next point is that our space-time frame 
of reference not only enters into the highest 
level of integration but is in itself an integra- 
tion of very high degree. I think we must 
conceive it as a whole series. of integrations, 
first within single sense modalities and then 
bringing these different senses into relation 
with one another. To this point I shall return 
again in a moment. 

My third point is that by the word ‘‘in- 
tegration’’ I intend to imply something more 
than merely an algebraic summation. (I shall 
talk only about the sensory or input side of 
the nervous system but my remarks could be 
translated and expanded to apply also to pat- 
terns of motor activity and some points might 
be illustrated even better on the output side.) 
The thing beside summation that I am trying 
to include in the word ‘‘integration’’ is 
coding ; coding of the sort which, in subjective 
language, is called abstraction and. generaliza- 
tion. This kind of coding should not be con- 
fused with the physiological type of coding 
in which sensory information is coded in the 
form of a space-time pattern of nerve impul- 
ses. I shall return to the nerve-impulse code 
in a moment, but first I must emphasize that 
the higher-level coding requires something 
new. A code is useless without a codebook 
by which the message may be decoded; and 
this in turn implies the existence of memory. 
The coding that is involved in integration is 
the internal language of the nervous system, 
but a language does no good unless there is 
an understanding listener, a decoder, to talk 


~ to. 


Abstraction and generalization are a 
short-hand device of substituting a part for 
the whole, or putting the particular object 
into a general category and then reacting to 


it in ways established as appropriate for all 
items in that category. This procedure clearly 
represents a ‘‘code’’ in the ordinary sense of 
the word even if it is at a very different level 
from the ‘‘code’’ in peripheral nerves whereby 
greater intensity of stimulation is, in general, 
signalled by a more rapid rate of discharge 
of nerve impulses in each active neurone. The 
physiological code might be called the ‘‘code 
of neural tissue’’ as opposed to the phrase 
‘‘internal language of the nervous system’’ 
that I applied a moment ago to abstraction, 
generalization and symbol formation. The 
latter are a necessity of organization, by which 
I mean that I cannot conceive how all of the 
information from all of the sensory systems 
could possibly interact simultaneously with- 
out some such successive integration, con- 
densation and symbolization. The ‘‘code of 
neural tissue’’, on the other hand, is a neces- 
sity of anatomy and physiology, the properties 
of the axon, the cell body and the dendrite. 


When I think of neural tissue, I draw. a 
sharp distinction between two kinds of neural 
tissue. One is the nerve tract or peripheral 
nerve which consists of many parallel but 
insulated axons carrying all-or-none impulses 
from a sense organ to a center or from one 
center to another. The tracts are specialized 
for conduction, rapid conduction, with a mini- 
mum of garbling of the message en route. The 
other neural tissue is the nerve center, which 
is dominated by a network of axon terminals, 
synapses and, above all, dendrites. This tissue 
is characterized by summation, both spatial 
and temporal, by continuous gradations, by 
absence of refractory period, by electrotonic 
action at a distance, and by sensitivity to 
changes in the chemical environment. It is 
here that interaction between channels, 
whether from neighboring or from unlike and 
distant sources, takes place. I do not believe 
that the all-or-none impulse is the only or 
even the dominant signal in this tissue, 
although the output obviously emerges in the 
next tract in the form of nerve impulses in 
axons. I suspect that in the neural centers 
things proceed more along the lines of an 
analog computer than of a digital computer ; 
but in my own thinking I try to preserve the 
best features of both by thinking of a nerve 
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network (with deecremental conduction) im- 
mersed in an electrical field in which there 
may also be simultaneously one or more 
chemical gradients. 

So much for the substrate of neural tis- 
sues in which integration occurs. Somehow 
something corresponding to the generalization 
of a space-time frame of reference exists or 
is represented here in code. The nature of the 
representation is one of our deepest problems, 
but what the nervous system says to itself, as 
one of its generalizations, is: ‘‘I, in my body, 
move with other objects in a three-dimensional 
space. Events occur here and I am a parti- 
cipant.’’ 

I have introduced the notion of the body 
in an environment because I want to point 
out now that the sensory information that is 
fed into the central nervous system all origin- 
ates in sense organs that are either within the 
body, as in the case of the vestibular organs 
and the proprioceptors of joint and muscle, 
or are part of the body surface. Here I refer 
particularly to the senses of touch, sight and 
hearing. The sensory surface of the body is 
topologically the surface of a sphere. Informa- 
tion about space really comes to us in polar 
coordinates. Direction, represented by posi- 
tion of stimulation on our sensory surface, 
is directly represented. This gives us, in 
technical terms, the dimensions of declination 
and azimuth; but the third component, dis- 
tance from the body, is derived or inferred. 
Distance is a sort of second-class citizen, and 
I still call it second class when we infer dis- 
tance from our proprioceptive joint and 
muscle sense as we reach for something that 
we see but which is out of contact. 


On a sensory surface a pattern of surface 
stimulation can be detected and coded directly, 
meaning that it is possible to keep the spatial 
arrangement of the sensory surface in the 
nerve and in turn in the center. Only the 
intensity of stimulation at each point would 
have to be signalled by nerve impulses. The 
preservation of the spatial arrangement re- 
presents the simplest sort of a built-in code 
and we almost take its existence for granted. 
Such orderly arrangement within the nervous 
system, corresponding to sensory surfaces, 
does have a clear anatomical basis in certain 
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nerve centers, and the idea is strongly rein- 
foreed by the picturesque diagrams of the 
motor homunculus and the sensory homun- 
culus that now adorn our neurological and 
physiological textbooks. I want to emphasize, 
however, that the homunculus is only a hol- 
low shell. It is at best a map of a surface 
with the dimension of distance missing. The 
topology of the surface has been preserved 
during transmission along the nerve tracts. 
Three-dimensional topology, however, even if 
it did exist in a sense organ, could not be 
preserved as such during transmission in a 
single nerve tract, because in transmission one 
dimension is being used for conduction and 
only two dimensions are left in which to dis- 
tribute the channels. These two dimensions 
represent the arrangement of the terminations 
on a sensory surface. 

I think we have some sort of theorem about 
the representation of space in the nervous 
system, even though I can conceive of nerve 
centers that would have three-dimensional 
electrical fields and three-dimensional nerve 
nets. I think we can say that distance from 
the body is never directly represented in the 
coding that is required for transmission along 
the peripheral nerves, and if a three-dimen- 
sional analog is formed in a nerve center it 
is not transmitted as such but must be re- 
coded, as by projection on a two-dimensional 
surface, before its information is transmitted 
to another center. 

Perhaps in recoding for transmission in 

nerve tracts distance from the body surface 
might attain ‘‘direct’’ representation in a 
spatial dimension, but only at the expense of 
substituting it for one of the other dimensions 
of space. The final alternative is duplicate 
ransmission, in separate parallel tracts, of 
different aspects or projections of the three- 
dimensional analog and resynthesis of the 
analog in the next center. 


And yet somehow the nervous system 
produces the concept of a three-dimensional 
space in which we exist and move. Further- 
more, this three-dimensional space is polarized 
by the force of gravity. The polarization seems 
to be a property of the field. It is constant 
and general — not variable and personal like 
the ‘‘polarization’’ with respect to the point 
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where I personally happen to be located and 
which is the origin and center of my personal 
set of polar coordinates. 


Of course, I cannot be sure that all of you 
picture an external frame of reference in 
Cartesian coordinates as clearly as do my- 
self. Perhaps I am being fodled here by 
another of the ‘‘built-in generalizations’’ of 
the human nervous system, namely that 
‘‘other people are like me’’. Such built-in 
generalizations are true only as first ap- 
proximations. 


The frame of reference that I am talking 
about is often called the visual frame of 
reference. Vision is certainly our most power- 
ful organ for exploring space around us, and 
it gives us good cues for distance in the form 
of: (a) the disparity of binocular images; 
(b) the museular effort needed for conver- 
gence and accommodation, and (c) the phe- 
nomenon of parallax as we move about. Let 
me point out immediately, however, that con- 
vergence involves muscular sense, which is not 
strictly visual but involves integration from 
another type of sense organ. (I almost said 
from another ‘‘sense modality’’, but this 
would have raised a really formidable sem- 
antic problem.) And the use of parallax 
requires that the process of perceiving the 
distance be achieved at the expense of time. 
Binocular disparity, be it noted, is achieved 
by duplicating the visual surfaces and having 
considerable redundancy of primary informa- 
tion in order to take advantage of second- 
order differences between the two retinal 
patterns. 

My main point here is that the inherent 
impossibility of sensing three-dimensional 
space with a two-dimensional surface has been 
compensated in nature in a variety of ways, 
but always at the expense of more channels 
or more time and (and here is the real. point) 
the combination of these various different 
codes from the same or different sense organs 
into a single integrated concept or output re- 
presents a really stupendous job of integra- 
tion. Somehow all of these codes have been 
translated into the same language. A common 
denominator of some sort has been found, or, 
for the physiologist, the several different in- 


puts have interacted to produce a common 
output. 

One aspect of the common denominator 
seems to be the generalization of an external 
frame of reference. Consider, for example, 
how the effects are discounted of eye move- 
ments that shift the image of an object to 
another part of the retina. The object stays 
fixed in our frame of external reference. 
Only our ‘‘attention’’ seems to have moved. 

Now let us add to the visual frame of 
reference the representation of space by the 
vestibular system. Here we seem to have a 
direct representation of three-dimensional 
space, including the polarization by gravity, 
in the physical architecture of the semi-circu- 
lar canals, the macula and the saccule. I point 
out, however, that in the canals a piece of 
sensory surface is separately devoted to each 
of the three mutually perpendicular canals 
and we are faced with the problem of con- 
ceiving how all three, together with the otolith 
organs, are ‘‘integrated’’ in the central nerv- 
ous system. Also here we find what we found 
in visual space, namely that, although the 
three mutually perpendicular directions of 
movement are represented both for transla- 
tional movement and for rotation around the 
three axes, there is nowhere any representa- 
tion of distance. What we have is: (@) the 
direction of an external force, namely gravity ; 
(b) three dimensions of linear: acceleration, 
and (c) three of angular acceleration. 


Of course acceleration is the second deri- 
vative of space with respect to time, so that 
distance does appear, but it appears only 
indirectly, and imbedded, as it were, in a 
matrix of time. As with vision, all we really 
have is direction, while acceleration appears 
as the additional feature corresponding to 
the discrimination of small static differences 
in angular direction that characterizes vision. 
A difference from the visual system is the 
direct association in the vestibular system of 
the polarizing force of gravity with one of 
the axes of space. This directional orienta- 


tion is, of course, reinforced by the differen- 
tial tactile stimulation of our supporting sur- 
faces and our antigravity muscles; but this 
means that the-vestibular, the muscular and 
the tactile frames of reference must all be 
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integrated with one another and also with 
the visual framework. One such integrating 
action here is the correction for head move- 
ments, particularly voluntary head move- 
ments, with respect to the body. 

A footnote before we turn to the auditory 
system and the time dimension. The adequate 
stimulus for the vestibular system is accelera- 
tion, which is proportional to force. In the 
proprioceptive system, in the pressure sense, 
and in the almost unrecognized ‘‘sense of 
muscular effort’’ the corresponding dimen- 
sion of the stimulus is also force. Distance 
and the first derivative of distance with 
respect to time (namely velocity) are not so 
simply and directly detected. Velocity, like 
distance, seems to be a second-class citizen. 
Force, as in the ease of gravity, may have a 
directional aspect and thus attach to our 
spatial frame of reference. In any force seems 
to be a first-class sensory citizen with the 
dimension of intensity. It is this direct sensi- 
tivity to force that characterizes the mechano- 
receptors as a group. 

For completeness I will recall that the 
sense organs of touch are distributed over the 
body surface and have two-dimensional posi- 
tion. Unlike pressure, muscular tension and 
gravitational sense, touch is not much extend- 
ed in time. It emphasizes the instant of touch, 
the now, rather than duration in time. This 
point is significant because the next sense, 
audition, which deals primarily with time, is 
also a mechanical sense and is, like the vesti- 
bular sense, a highly specialized tactile sense 
organ. 

Time, either in the direct sense of now, of 
duration, or of rhythm or in the less direct 
sense of frequency of occurrence, is a primary 
aspect of audition. To be sure, we do re- 
cognize, to some extent, the direction from 
which sound comes to us, but the information 
as to this direction is derived from small 
second-order differences in the details of the 
signal, such as those that determine the tone 
quality, or from very small differences in 
the time of arrival of corresponding signals 
at the two ears. Binaural hearing gives us a 
sense of direction and binocular vision gives 
us a sense of distance. These are rather in- 
structive illustrations of what I mean by in- 
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ferences from second-order differences. In 
hearing the small differences are in time, 
while in the retinal images the differences 
are in a static spatial pattern. Nothing could 
illustrate more clearly the primary relation 
of the visual system to space and the auditory 
system to time. 


The time dimension has appeared in our 
discussion of several of the other sense organs. 
We noted that the sense of touch gives good 
information as to the moment of occurrence 
of an event, and when we feel vibration it 
gives a good account of rapidly succeeding 
events. Events are signalled in the central 
nervous system almost simultaneously with 
their actual occurrence. We see, feel, and 
hear things happen, and the time dimension of 
perception is the same as for the external 
world. 3 

In vision our eyes can follow fairly rapid 
movement, but they can also report correctly 
the continued existence of objects that are 
simply sitting there and forming part of the 
background of things. In vision it seems that 
objects in space are what psychologists call 
‘‘the perceived objects’’, while in the case 
of audition the ‘‘objects’’ would seem to be 
events in time. 

An event is signaled in audition by the 
sound waves set up by mechanical impact 
and the resulting vibration of a solid object. 
The time of the event is given to us by these 
initial sound waves. We also appreciate very 
effectively through hearing the recurrence of 
similar events. Rhythm in sound, whether 
of marching feet or the cadences of a voice, 
is a familiar and prominent feature of hear- 
ing. 

A single ear gives us almost no informa- 
tion about space. It is specialized for the 
dimension of time (and, of course, intensity 
or mechanical force). In the organ of Corti 
there is a sensory surface, but length along 
it is used to discriminate not space but fre- 
quency, which is the reciprocal of time. More 
fully, frequency means number of events per 
unit of time. We will not pause to consider 
the remarkable mechanics of the sense organ 
that performs the acoustic analysis that trans- 
lates audio frequency into linear position. It 
i‘; enough to say that this translation, which 
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is our only mechanism for dealing effectively 
with the higher audio frequencies, extends 
the range of the ear from perhaps 1000 or 
2000 cycles per second, which is the upper 
limit of the direct frequency mechanism that 
is analogous to the sense of vibration, to a 
figure about ten times as high. 


We may ask what the ear does with the 
second dimensions of sensory surface that 
is theoretically available to it. Actually 
the sensory strip seems to be only four 
cells wide — three rows of external hair 
eells and one of internal hair cells. My 
best guess at the present moment is that this 
second dimension in space is utilized some- 
how to extend the dynamic range of the ear 
on the intensity scale. Here we find the 
extraordinary ratio of 1 to 10'* in energy 
level between the lowest threshold of hearing 
and a level that causes rapid mechanical 
injury to the sensory cells. It is not theoret- 
ically necessary, however, to employ an extra 
spatial dimension to achieve such a dynamic 
range. The eye does it also, although the two 
available spatial dimensions are obviously 
employed in coding the spatial retinal pat- 
terns. It may be that the ear, by using a 
series of receptors of different sensitivity, 
achieves a more rapid adjustment between 
its high sensitivity and its high tolerance than 
would otherwise be possible and thus can hear 
a faint sound sooner after it has been exposed 
to a loud one. .Also there are some suggestions 
in recent studies of the ear that the extra 
dimension may be devoted in part to the 
refinement of its frequency discrimination. 
The resolving power of the mechanical acous- 
tic analyzer seems to be enhanced by a neuro- 
physiological mechanism that is sensitive to 
time differences (phase differences) as well 
as to intensity differences along the length 
of the cochlea. These last remarks are admit- 
tedly a little speculative but they indicate a 
trend of present thinking in this area. 

There is a limit to the resolving power of 
the central nervous system for successive 
events in time. It is too sluggish to allow us 
to appreciate separately acoustic signals, 
whether single sound waves or the successive 
high frequency wave trains called ‘‘clicks’’, 
at a rate of more than about 8 or possibly 10 
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to a second. Above this we are aware not of 
separate events but rather of the rate at which 
the events recur. Depending on the details of 
the acoustic pattern we hear a buzz or a 
musical tone. If the frequency is high enough, 
the buzz aspect is lost and we hear simply 
a complex tone. The kind of information that 
the sense of pitch gives about the object in the 
external world that is generating the sounds 
is information about its physical constitution. 
This is what classical psychology calls an 
‘‘attribute’’. Like color or smell it tells us 
not when or where but what kind of an object 
it is. This is because the material, the size 
and the structure of the object determine its 
natural period or periods of vibration. These 
vibrations are excited by mechanical events, 
such as impacts, or perhaps the turbulence of 
moving air. The frequencies are determined 
in a complex way by the mass, the stiffness 
and the viscosity or frictional damping of the 
mechanical system. It is a clear fact of every- 
day experience that we recognize the kind of 
object that is producing the sound more or 
less accurately in this way. We thus have in 
audition: (a) excellent information as to the 
time of an event in the ordinary scale of time, 
and (b) partial information as to the physical 
characteristics of the object involved. The 
second kind of information is conveyed in 
the physical world, coded in the time dimen- 
sion as frequency. Our nervous systems are 
too gross and sluggish to deal with high fre- 
quencies directly, but frequency is translated 
in the sense organ into a spatial dimension. 
This is an interesting example of ‘‘recoding’”’ 
from one dimension to another. 


191 


I shall not try to formulate precisely any 
theorem at this point, but the principle is 
clear that the dimensions of space and time 
within the nervous system are related to the 
space and time dimensions of the external 
world in certain rather simple and obvious 
ways, as suggested by the sensory homunculus 
in the cortex and as indicated clearly by the 
correspondence of events in vision, hearing, 
touch, ete. There are also devious and indirect 
relationships in which the basic dimensions 
are interchanged or in which they supplement 
one another in coding the information avail- 
able from the sense organs. And somewhere, 
somehow, in the central nervous system all of 
these many codes are translated and the 
results are integrated in a short-hand form, 
which, subjectively, is our perception of 
objects (including ourselves) engaging in a 
series of events in a space-time frame of re- 
ference. Even this is only a part of the 
remarkable job done by the nervous system. 
I shall only barely allude to the condensation 
of past time in our memories of sequences of 
events that can be recalled and reviewed in 
a tiny fraction of the time that they originally 
occupied, and to our ability to recognize 
similarities between present and past pat- 
terns, and to the extrapolation into the future 
of the consequences of the past and the 
present and our own possible reactions to 
them. It will be a good beginning if we can 
ever really understand how such generaliza- 
tions as space and time are represented in 
the structure and action of nervous tissue. 

The author is indebted to the members of a 


C.I.D. seminar course and particularly to Dr. Ira J. 
Hirsh for constructive criticism and suggestions. 
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The changes in the alpha activity with 
visual stimulation have been known since the 
classic observations of Berger and Adrian. 
It was also recognized by these early workers 
that the level of awareness and the subject’s 
anxiety also influenced the suppression of 
alpha activity. A number of more recent 
investigations (Jasper, Cruikshank, Howard 
1935: Bagchi 1937; Williams 1939; Golla, 
Hutton, Walter 1948; Short 1953; Short, 
Walter 1954) have been concerned with this 
electrical change in relation to the types of 
mental imagery, the effects of stimulation 
over various sensory channels, and the in- 
fluence of attention and awareness. It has 
been generally agreed that alpha suppression 
is not the result of sensory stimulation alone, 
but that it is also influenced by the degree 
of attention given to the stimulus. 

Up until fairly recently the neurophy- 
siological explanations of this type of poten- 
tial change were limited to the events along 
the primary sensory systems, and rather 
vague intra-cortical mechanisms. But at the 
present time, the recognition of the role of 
the non-specific activating systems in vig- 
ilance, set, and awareness has considerably 
increased the details of the explanations. 

This study is an attempt at the re-evalua- 
tion of some of the early work on visual 
imagery, with a quantifiable measure of the 
alpha rhythm, rather than the traditional 
P (persistent), M (minimal), and R (re- 
active) types. In addition, the effect of the 
complexity of the visual image was studied 
in relation to alpha suppression. An attempt 
was also made to determine the extent of the 
use of visual imagery in the blind, using the 
changes in the alpha activity as the indicator. 
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METHOD 


Three different types of procedures were 
undertaken with 3 separate groups, and each 
will be described separately. The first group 
consisted of 100 psychiatric patients who were 
cooperative, oriented, and, for the most part, 
on an out-patient status. The age of this 
group ranged from 17 to 64 years (mean-34). 
Near the completion of a routine electro- 
encephalogram, the examining room was 
dimly illuminated and the subject was request- 
ed to look at a drawing consisting of an oval 
with numbers inserted at various locations. 
The distance of the diagram from the sub- 
ject and the illumination of the room was 
held constant from subject to subject. After 
a 20 sec. interval, the subject was asked to 
close his eyes, and after another 30 sec., was 
asked to ‘‘try and picture in your mind what 
you can recall of the diagram’’. The electro- 
encephalographic recording continued during 
this entire experimental period. 

A second group of 82 patients, with ages 
between 16 and 61 years (mean-32), and 
with the same clinical characteristics as the 
first group, were examined with a different 
procedure during the recording of the routine 
EKG. Near the end of the recording and prior 
to overbreathing, the patients were requested 
to open their eyes and look at figure 1. After 
20 see., the subject was instructed to close 
his eyes. Thirty seconds later he was asked 
to recall diagram A with his eyes closed and 
after another 30 sec., to recall diagram B. 
The order of recall between A and B was 
changed from subject to subject so a uniform 
distribution was obtained. At the end of the 
recording, the patient was asked to draw 
what he could recall of the diagram. No pre- 
paration or explanation of the details of the 
procedure were given to the patient, except 
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those pertaining to the EEG recording itself. 
Therefore, the request for the attempted recall 
was not clearly anticipated. 


Fig. 1 
Diagrams A and B were on the same card and pre- 
sented at the same time. 


A third group of subjects consisted of 15 
adolescent blind students, ranging in age 
from 11 to 17 years (mean 13), who were 
studied extensively by electroencephalograph- 
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eauses. Briefly, each student was examined 
during actual auditory, tactile, propriocep- 
tive, and olfactory stimulation during the 
time of the recording. Following this, a stand- 
ardized series of ten instructions designed to 
elicit different types of imagery were given 
to each student and the recording was con- 
tinued throughout this period. Some exam- 
ples of these instructions are: ‘‘Imagine the 
feeling or touch of the word Robert in 
Braille’’, and, ‘‘Now picture yourself stand- 
ing on one foot and think of the way your 
foot feels’’. At the conclusion of the EEG 
examination, an interview was held with each 
subject and an attempt was made to secure 
more information about the type of imagery 
evoked for each of the ten instructions. This 
literview was electronically recorded for 
future study. 


The electroencephalographic technique 
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Fig. 2 
The determination of the average amplitude. 
An envelope was drawn by connecting the peaks of the occipital electrical 


activity, as has been done in the seventh channel. 


With a map ruler 


calibrated in ems., the peak to peak amplitude at each of the one-fifth 
second lines for 10 sec. was measured. By reference to the calibration 
signal of the tracing, the average potential in microvolts is easily determined. 


ie recordings with automatic frequency anal- 
ysis. All of these students had extremely 
poor, or no, visual acuity and required special 
educational facilities. Their loss of sight oc- 
curred at various ages and from different 


used for the three groups of subjects consisted 
of an assay of the activity from all of the 
major areas of the scalp, using both ear to 
scalp and scalp to scalp technique. Over- 
breathing was performed routinely for 3 
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min., and in some eases, sleep tracings and 
finer localizing techniques were secured. 


RESULTS 


The general electrical changes related to 
active vision and recall. 


In this study, an attempt was made to 
quantify the amplitude changes in the EEG, 
as well as to consider the more usual descrip- 
tive features of the record. The mean poten- 
tial for a 10 see. period was determined for 
each experimental situation by a technique 
that is illustrated in figure 2. For our pur- 
poses, ‘‘active’’ vision implies a considerable 
amount of attention to the visual stimuli, as 
opposed to a lack of fixation of the attention 
though the eyes are open. The effects of active 
vision and attempted.recall under the con- 
ditions described for the first group of pa- 
tients are presented in table I. It can be 


TABLE I 


The reduction in potential with active vision and 
attempted recall. 


Mean Reduction 
potential in 
for 10 see. S.D. Potential 
LV. %o 
Eyes Closed 27.5 3.76 
Active Vision 12.5 3.69 54.5 
(first 10 sec.) 
Attempted Recall 19.2 2.65 31.0 


(first 10 sec.) 


Number of patients = 100 
Analysis of variance of means, F= 79, P = < .001 


seen that attempted recall does not produce 
the same degree of suppression of the alpha 
activity as does active vision. An anal- 
ysis of variance of these means indicates 
a high degree of statistical significance 
(P = <.001). Frequency changes, in the 
form of the transformation of the usual 8-13 
e/sec. rhythm to 15-30 ¢/sec., lower voltage 
activity, were observed in 65 of the tracings 
during active vision. In 385 of the records, 
some low potential alpha activity could still 
be seen during the time when the eyes were 
open. During recall, a complete suppression 
of the alpha rhythm was of infrequent occur- 
renee with a simple diminution in amplitude 
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being the more usual pattern. Under the 
conditions of this experiment, the induced 
electrical changes were fairly constant for 
periods longer than 10 see. 

The factors found to be significantly posi- 
tively correlated with a reduction in poten- 
tial with active vision are listed in table II. 


TABLE II 


The factors associated with a reduction of potential 
with active vision. 


Per cent 
Reduction 
with Active 
Vision x2 P 
3-50 51-82 
Resting 9.8-24.5 nV. 40 10 
Potential 33.6 .001 
24.6-77 nV. 11 39 
Rhythmicity* 1 +4 2 35 10 
23.2 .001 
34 4 16 39 
Reduction 0-27% 34 15 
with Recall 19.4 .001 


28-78% 13 38 


* Based on a 4 points qualitative scale, with 
1 = little rhythmicity, 4 = nearly continuous sinu- 
soidal activity. 


Variables that were found to be of no signif- 
icance in the reduction of potential were the 
age and sex of the patient, the presence or 
absence of abnormality in the EEG tracing, 
the hyperventilation response, the rate of 
return of the alpha rhythm following eye 
closure, and the type of frequency change 
occurring during active vision. 

The reduction of electrical potential with 
visual recall seemed to be associated with the 
same factors resulting in a reduction with 
active vision. However, the greater reduction 
in records with a great deal of rhythmicity 
was not significant by the chi square test 
(x7 = 236, P= < DD). 


Relationship between the accuracy of recall 
and potential changes. 

With the second group of 82 patients, 
an attempt was made to study the relation- 
ship between the features of the EEG and 
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visual-motor performance. The drawings made 
by the subjects were evaluated independently 
by four different judges who had no informa- 
tion concerning the electroencephalographic 
findings. Each judge sorted the drawings 
into three categories: those that most accur- 
ately represented the original diagram; those 
drawings that were intermediate in position ; 
and those that were inaccurate representa- 
tions. From the judgments of the four raters, 
a final division of the drawings was made, 
based on the agreement of three or more of 
the judges, that the individual drawing was 
either accurately or poorly executed. The 
EEG’s of these three groups of patients were 
then examined for: significant differences. 
Figure 3 presents a representative drawing 
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Fig. 3 
Representative drawings. 


1. An example of the Inaccurate Group; 2. of the 
Intermediate Group; and 3. of the Accurate Group. 


from each group. Table III lists the potential 
changes associated with the three types of 
drawings. It can be seen that a lower mean 
potential occurred in the resting records of 
those individuals who accurately reproduced 
the diagram. The difference between the three 
groups regarding the resting occipital poten- 
tial by the chi square test is X? = 17.8, 
P = .005. As this test makes a dicotomy of 
individuals about a median, it may be less 
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TABLE III 


The types of performance and electrical change 
during rest and active vision. 


Accurate Interme- Poor 
Drawings diate Drawings 
Drawings 
Numbers of Pts. 27 30 25 
Mean Resting 22.2 uV. 28.8 nV. 32.0 wV. 
Potential 
S.D. 7.1 8.8 5.1 
Mean Potential 13.3 yV. 13.6 wV. 15.3 ywV. 
with Eyes 
Open 
8.D. 3.2 3.0 5.7 
Analysis of Variance 
Mean Resting F=2=2 6 P = < J 
Mean Eyes Open F = 1.88 P = > .10 


sensitive to subtle variations in the individual 
determinations and means. Therefore, the 
more critical analysis of variance was per- 
formed, which still demonstrated significance 
beyond the .01 level. The difference in the 
means of the potential with the eyes open 
during active vision is not significant between 
the three types of drawings, F = 1.9, P = .10. 

As the 82 patients received no prior in- 
struction concerning the procedure of the 
test, it was to be expected that a difference 
might exist between the electrical reaction to 
the first diagram asked to be recalled and 
the second. Table IV presents the difference 


TABLE IV 


The types of performance and electrical changes 
during the request to recall the first and the second 


diagrams. 
Accurate Interme- Poor 
Drawings diate Drawings 
Drawings 
Number of Pts. 27 30 25 
Mean Potential 17.0 wV. 18.6 ywV. 22.0 nV. 
for 1st Recall 
S.D. 5.9 6.5 11.0 
Mean Potential 18.8 uwV. 21.5 wV. 24.2 uwV. 
for 2nd Reeall 
S.D. 7.9 8.1 12.4 
Analysis of Variance 
Means for ist Recall, F — 2.51, P = < .10 
Means for 2nd Recall, F = 190 P = > .10 
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in response depending upon the order of pre- 
sentation. The means suggest a greater re- 
duction with the first request for recall, but 
this is not statistically significant when the 
gross means are compared by the standard 
error of the difference between means 
(T = 1.48, P = > .10). However, 45 indi- 
viduals demonstrated a greater reduction in 
potential during the first request for recall 
as compared to the second; 13 had no dif- 
ference, and 24 had a greater reduction during 
the second request for recall. 


The EEG’s were examined in order to 
detect any possible difference between the re- 
action to the recall of the circular symmetrical 
figure and the rectangular, asymmetrical 
diagram. Taking the difference induced by 
the order of presentation into consideration, 
no significant variation could be noted that 
related to the characteristics of the diagram. 
In general, no important correlations could be 
observed between the performance and the 
age of the patient, the degree of abnormality 
of the EEG as a whole, or the presence or 
absence of frequency changes during observa- 
tion or recall. 


Visual imagery and EEG changes 
in the blind. 

Because of the small number of subjects 
involved, elaborate statistical methods were 
not used and the results are reported quite 
briefly. When the 15 blind children were 
subjected to actual stimuli, a reduction in the 
potential-frequency analysis from the oc- 
cipital areas was obtained. Instead of the 
reference being to a ‘‘resting’’ period of the 
record, a mean was used consisting of the 
average of 16 different test situations. Some 
of the situations, such as hyperventilation, 
produced an increase in the amplitude of the 
alpha activity. The greatest reduction oc- 
curred in the 8-13 ¢c/sec. band with the tasks 
arranged in the following order: feeling an 
unknown, rough wooden object; listening to 
a mixed tone for 30 sec.; holding one leg 
off the floor ; and smelling an onion. 

In studying the protocols of the interviews 
with the children it was apparent that 3 of 
the 10 sets of instructions designed to pro- 
duce different types of imagery, evoked 
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visual, or visual-kinesthetic imagery in the 
great majority of subjects. These instructions 
were: ‘‘imagine the position of the things 
in your bedroom’’; ‘‘imagine the Braille 
symbol for the letter V’’; ‘‘divide an apple 
in half, then those pieces in half, then those 
pieces in half’’. A greater reduction in fre- 
quency-potential from the occipital area in 
response to these instructions occurred in the 
majority of subjects. This is in contrast to 
instructions such as ‘‘think of your foot being 
raised off the floor’’; ‘‘try and remember 
how the onion smelled’’; and ‘‘run over in 
your mind the Star Spangled Banner’’. 
Table V presents the findings when the 
age at the onset of blindness is compared with 


TABLE V 


The per cent reduction of the potentials in the 

occipital recording following instructions designed to 

elicit ‘visual imagery in blind children between 12 
and 15 years of age. 


TIME OF ONSET OF BLINDNESS 


Birth or Shortly Afterward 


Between 6 mos. and 2 yrs. 
—17 
— 24 
— 47 
— 60 


Onset after 2 years 
+ 2 
— 42 
— 74 
— 105 


response to the three instructions most com- 
monly resulting in subjective reports with 
visual imagery. A slight suggestion was ob- 
tained that a large reduction in alpha activity 
occurred in those who had lost their sight 
after two years of age, but this is not statis- 
tically significant. In general, it was found 
impossible to make specific estimations regard- 


198 


ing the type or amount of imagery used from 
the character of the electrical activity in the 
individual blind subject. . 


COMMENT 


As with most attempts to quantity fea- 
tures of the electroencephalogram, this method 
also has its disadvantages. The 10 sec. time 
interval for study may be too long to detect 
a good deal of the transient phenomena, but 
it appeared adequate for the measurement of 
the relatively long-lasting electrical changes 
recorded in these experiments. The other 
disadvantage is the loss of accuracy as small 
potentials are approached. The noise level of 
the machine, the width of the line of the 
ink tracing, and artifacts contribute to a 
large percentage of the measured potential. 
However, this lack of resolution of the lower 
potential changes would only seriously affect 


the measurements relating to the overall re-, 


duction with active vision, and not necessarily 
with the ‘‘resting’’ tracing or those recorded 
during recall. 

These results appear largely in keeping 
with the changes in cerebral activity pre- 
viously reported. The rhythmical, high poten- 
tial, sinusoidal, 8-13 ¢/sec. activity is a pro- 
minent feature of the records of those individ- 
uals who perform poorly on the reproduction 
of the diagrams. In contrast, an accurate per- 
formance is associated with a lower potential, 
less rhythmical type of record. 


However, the relationship is not clear in 
regard to the reduction in alpha activity with 
active vision or recall. One might expect, on 
the basis of other studies indicating a cor- 
relation between P (persistent) types of alpha 
activity and very little visual imagery, that 
the greater the reduction in potential, the 
more accurate the performance. This has 
not been demonstrated in this study, in that 
it was determined that the individuals with 
the highest potentials, though exhibiting inac- 
curate reproductions, have the greatest change 
in potential with visual stimulation. It is our 
experience that a pure P type of alpha rhythm 
is quite rare, and that in our material a con- 
tinuum of alpha activity as well as response 
is present. 
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Apparently the difference in complexity 
between the two diagrams was not sufficient 
to produce significant variation in the elec- 
trical activity. The parameters of this type 
of stimulation need further exploration, but 
it seems clear from this experiment that any 
changes due to the character of the stimulus 
were perhaps outweighed by the effects of 
surprise or vigilance. This is based on the 
observation that the greater suppression was 
frequently associated with the first request 
for recall, while no difference could be detect- 
ed based solely on the complexity or character 
of the figure. 


Mild to moderate EEG abnormality, in the 
usual clinical sense, did not appear to in- 
fluence the performance of this type of test. 
Individuals with diffusely slow records, or 
tracings with paroxysmal bursts, did not dem- 
onstrate a different type of performance 
than those with normal EEG’s. It is to be 
commented upon, however, that this was a 
selected group of patients with no serious 
disturbances in consciousness or extensive 
organic brain disease. 


In regard to the study of the blind, an 
objective method of detecting visual imagery 
was sought for, by means of the electroenceph- 
alographic technique. There is no doubt that 
some blind individuals use visual imagery as 
judged by their subjective accounts. Some 
evidence was also presented in this study 
that these subjective reports of visual types 
of imagery are more often associated with a 
greater alpha suppression than with other 
types of imagery. It has long been thought 
that those individuals who have been blind 
since birth have little of what could be called 
visual imagery, but there is a retention of 
visual imagery if sight is lost later in life. 
Supporting this concept, suggestive, but not 
significant, evidence is presented in table V. 


SUMMARY 


The changes in the electroencephalogram 
relating to active vision, visual imagery, re- 
eall, and visual-motor performance were 
studied in a group of 180 psychiatric patients, 
and in 15 blind adolescent students. The 
conclusions from this study are as follows: 


1. An accurate reproduction of a diagram 
was associated with a low potential (mean 
22.2 wV.), relatively non-rhythmical type of 
electrical activity from the occipital areas 
during the subjects’s non-stimulated state. 

2. An inaccurate reproduction was asso- 
ciated with a higher potential (mean 32 pV), 
rhythmical activity from the occipital areas 
during rest. 

3. The attempted recall of a previously 
presented picture resulted in a 81 per cent 
reduction in potential as opposed to the 54.5 
per cent during active vision. 

4. The influence of ‘‘surprise’’ or an in- 
creased awareness appeared to produce a 
greater electrical change than that related to 
the complexity of the diagrams. 

5. No significant correlations were found 
between performance and age or sex, the 
presence of EEG abnormality, the percentage 
of reduction during active vision or recall, or 
the rate of reappearance of the alpha activity 
on eye closure. 

6. Some suggestive evidence was presented 
that visual imagery in the blind is associated 
with a greater potential change than other 


VISUAL IMAGERY AND EEG 


199 


types of imagery, and that visual imagery is 
more prominent in individuals who have lost 
their sight after two years of age. 


We wish to express our appreciation for the 
assistance given us by Dr. Berthold Lowenfeld, Super- 
intendent of the California School for the Blind, 
Berkeley, California, and to Louise Fischer, Ruth 
Lawrence, and Joseph Henderson who secured the 
tracings. 
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ANNOUNCEMENT 


XXIe REUNION NEUROLOGIQUE INTERNATIONALE ANNUELLE 


(Organisée par la Société Francaise de Neurologie) 


LA XXIe REUNION NEUROLOGIQUE INTERNATIONALE, organisée 
par la Société Francaise de Neurologie, tiendra ses assises 4 Paris le mardi 5 juin 
et le mereredi 6 juin 1956. Le jeudi 7 juin; la Société Francaise de Neurologie 
tiendra dans la matinée sa Séance mensuelle. 


La Réunion est consacrée a 1’étude des « Encéphalopathies alcooliques », 
sous la direction du Professeur ALAJOUANINE. 


Les rapports suivants seront présentés: 


1° MM. ALAaJouANINE, CAsTAINE et FourniER: Pathologie générale et biochimie 
des encéphalopathies alcooliques. 


2° MM. MicHavx et Bucs: Les délires alcooliques aigus. 
3° MM. Girard et Devic: L’encéphalopathie alcoolique du type Gayet-Wernicke. 


4° MM. Hecaren et pvE AJguRIAGUERRA: Les encéphalopathies subaigués et 
chromques. 


5° MM. LEREBOULLET et PLUVINAGE: Thérapeutiques de l’encéphalopathte alcoo- 
lique et problémes médico-sociaux. 


Une discussion suivra la présentation des rapports. 


Des communications sur le sujet des rapports pourront étre faites par les 
Neurologistes participant 4 la Réunion. Des communications sur des thémes 
libres pourront également étre présentées 4 l’occasion de cette Réunion mais 
le titre devra en étre communiqué avant le ler mai au Secrétaire général de la 
Société de Neurologie et elles devront étre acceptées par le Bureau de la Société. 


Les membres participants a la Réunion qui désirent projeter un film sont 
priés de s’inscrire avant le ler mai en indiquant le format de leur film et la 
durée approximative de la projection. 


Tous les Membres de la Société de Neurologie sont inscrits de droit a la 
Réunion. Cependant les Membres Associés et les Membres d’Honneur 4 titre 
étranger qui ont l’intention d’y participer sont priés de s’inscrire chez le 
Secrétaire général, avant le ler mai 1956, afin de pouvoir recevoir le volume des 
rapports et le programme en temps utile. 


Les Médecins francais et étrangers qui ne font pas partie de la Société 
Francaise de Neurologie peuvent demander leur inscription au Secrétaire général 
qui soumettra celle-ci a l’approbation du Bureau de la Société; une cotisation de 
2000 fr. leur sera demandée comme droit d’inscription. 


Le volume des rapports sera adressé 4a tous les membres participant a la 
Réunion. 


Tous les Neurologistes désirant participer 4 la XXIe Réunion Neurologique 
Internationale sont priés de s’inscrire avant le ler mai chez le Secrétaire général 
de la Société, le Docteur J. Stawaup, 68, boulevard de Courcelles, Paris-17e 
(WAGram 12-78). 


La cotisation devra étre versée au trésorier de la Société Frangaise de 
Neurologie, Mme SorreL-D&JERINE, 123, rue de Lille, Paris-7e. 


L’organisation matérielle de la Réunion est assurée par Mme Srznec, 
SOCFI, 1 ter, rue Chanez, Paris-16e (MIRabeau 92-57). 


ELECTROGRAPHIC STUDIES OF THE FORMATION OF 
TEMPORARY CONNECTIONS IN THE BRAIN 1 


FRANK MorreELL, M. D. and HERBERT H. JASPER, M.D. 
Department of Neurology and Neurosurgery, McGill University and the 
Montreal Neurological Institute, Montreal, and the Division of Neurology, 
University of Minnesota Medical School, Minneapolis, Min. 
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Pavlov (1920) described the establishment 
of conditioned salivary secretion to a non- 
specific stimulus as a ‘‘temporary connec- 
tion’’ between the center responding to the 
conditioned stimulus and that responding to 
the unconditioned stimulus. When sound was 
used as the conditioned stimulus for salivation 
the ‘‘temporary connection’’ would be _ be- 
tween the auditory ‘‘center’’ and the ‘‘food 
center’’. Such a connection is truly econdi- 
tional. It is formed by chance or deliberate 
experimental juxtaposition in time of two 
stimuli, one of which always (innately) re- 
sults in a given response. 

The physiological basis for nature of such 
temporary connections remains one of the 
most important unsolved problems of neuro- 
physiology. Important hypotheses have been 
proposed by Hebb (1949), Eccles (1953) and 
Walter (1953) and problems of their anatom- 
ical location have been reviewed by Hilgrad 
and Marquis (1940), and Lashley (1950). 
Our approach has been to use the electrical 
activity of the cortex itself as a means of 
making a more direct study of neurophysiol- 
ogical mechanisms underlying the formation 
of temporary connections in the brain. 


In the human electroencephalogram the 
arrest or ‘‘blocking’’ of the occipital alpha 
rhythm in response to visual stimulation or 
attention might be considered as a kind of 
‘‘uneonditioned response’. Many _ early 
workers noted incidentally, that this EEG 
response was readily conditioned to an audi- 
tory stimulus (Durup and Fessard 1935; 
Loomis, Harvey and Hobart 1936-1937; 
Jasper and Cruikshank 1937, and Cruik- 


1 Supported in part by a grant from the Teagle 
Foundation. 


shank 1937). Travis and Egan (1938) and 
Knott and Henry (1941) made quantitative 
studies of this apparent conditioning process ; 
the latter authors attempted to control the 
factor of ‘‘sensitization’’ of ‘‘pseudo-con- 
ditioning’’ by presenting the sound 4 sec. 
before the light stimulus.” 


Using the alpha blocking reaction to a 
visual stimulus in man as the unconditioned 
response, Jasper and Shagass (1941) were 
able to establish nearly all forms of Pavlovian 
conditioning, including simple, differential, 
delayed, cyclic, trace and backward ‘‘re- 
flexes’’. Such temporary connections were 
quite readily extinguished without reinforce- 
ment. Responses to delay intervals, such as 
occurred in delay, trace, and cyclic condition- 
ing, were remarkably consistent in their time 
of incidence more accurate in fact than was 
the subject’s voluntary estimate of the time 
interval. Comparison of subjective estimates 
of time intervals, in a subsequent study 
(Jasper and Shagass 1941b), was the con- 
ditioned alpha blocking response to time in- 
tervals showed that the two phenomena were 
apparently independent, which argues against 
the suggestion of Loomis, Harvey and Hobart 
(1937) that the conditioned alpha blocking 
was related directly to an ‘‘attempt to see’’ 
or to a conscious anticipatory set. 

More recent studies by Motokawa and 
Huzimori (1949) and Iwama (1950), using 
the alpha blocking reaction in man as a ‘‘con- 
ditioned response’’, having attempted to show 


2 Pseudo-conditioning occurs when a subliminal 
stimulus, used as CS, is made liminal by an increase 
of general cortical excitability induced by simul- 
taneous presentation of an effective UCS. Therefore, 
the presumed CR is actually a direct or unconditioned 
response to the conditioned stimulus. 
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a relationship between the degree of ‘‘inhibi- 
tion’’ in the conditioning process and an 
increase in the alpha rhythm. Morrell and 
Ross (1953) showed that there was an in- 
erease in visuo-motor reaction time during 
‘‘inhibitory’’ processes involved in extinction, 
delayed and differential conditioning. 

Attempts to condition the electrical activ- 
ity of the cortex in animals have met with 
technical difficulties, due principally to the 
problem of establishing sufficiently constant 
experimental conditions in unanaesthetized 
animals to obtain consistent changes in cor- 
tical electrical activity. Shagass (1941) suc- 
eeeded in conditioning occipital strychnine 
spike responses to a complex tone in anaesthe- 
tized cats. However, since spiking occurred 
spontaneously as well, statistical treatment 
was necessary and thousands of trials were 
required to establish some effect of condition- 
ing upon the frequency of these strychnine 
spikes. 

In the present report we shall describe a 
technique which has been reasonably success- 
ful in studies of conditioning the electrical 
activity of the cortex in unanaesthetized 
monkeys. We shall present preliminary re- 
sults which formed the basis for a subsequent 
study of the effects of experimental epil- 
eptogenic lesions upon the process of tem- 
porary connection formation in the brain, to 
be presented in a later report. 


TECHNIQUE 


Eight normal adult monkeys (Macaca 
Mulatta) were used in this study. The ani- 
_mals were immobilized with a minimum of 
discomfort, lying prone on a table, with their 
heads clamped. in a cushioned head holder 
and their extremities tied loosely. After a 
few moments of struggling they remained 
relatively quiet during the experiment. They 
would occasionally become drowsy and go 
‘to sleep, though an attempt was made to keep 
them alert during the conditioning procedures. 

The animals were placed in a relatively 
sound-proof room, with all signal controls 
and recording apparatus outside. In pre- 


liminary experiments in an open laboratory 
setting conditioning was extremely difficult 
due to adventitious sounds. 
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records 


Electroencephalographic were 
taken by means of either insulated phono- 
graph needles inserted through the skull to 
the dura, or by steel hooks inserted through 
the scalp into the galea. Standard electrode 
placements were measured with reference to 
skull landmarks. Bipolar leads were used 
from frontal, central, parietal occipital, and 
from anterior and posterior temporal regions. 
Since the brain was not exposed, localization 
would be only approximate. 


Several EEG records were taken prior 
to conditioning in order to accustom the ani- 
mals to the experimental situation and to 
obtain ‘‘normal’’ EEG records for compari- 
son of those obtained during conditioning 
sequences. Experiments were not begun until 
the animals were relaxed and adjusted to the 
situation as judged by absence of muscle 
action potentials in the electromyogram and 
a normal heart rate as recorded with an 
electrocardiogram. 


ERG records were taken with the Offner 
Dynagraph (type D). Stimuli were controlled 
by a manual switch which also signalled, the 
incidence of each stimulus on the recording 
paper with the EKG record. 


The unconditioned stimulus was a strobo- 
scopic flicker of red light (the Epiphote) 
placed 18 inches in front of the eyes so that 
the entire visual field was illuminated. There 
was no sound associated with the flash of 
light in this apparatus. Flicker frequencies 
between 6 and 500 f/sece. were used in dif- 
ferent experiments. The ‘‘blocking’’ reac- 
tion or photie ‘‘driving’’ evoked in occipital 
cortex was considered the ‘‘unconditioned 
response’’. 


Conditioning stimuli were as follow: 


1. Auditory stimult composed of pure 
tones of sufficient intensity to produce a 
minimal ‘‘startle’’ response when first pre- 
sented were used. This initial response dis- 
sappeared rapidly after several repetitions of 
the stimulus until no detectable response was 
seen in the EKG. 


2. Electrical stimuli of minimal intensity 
were administered to the skin of the ankle 
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by means of intradermal electrodes. Intensity 
was adjusted to cause a minimal evoked 
potential response in somato-sensory cortex 
(1-2 V.) without causing leg withdrawal or 
any other evidence of pain. This will be 
referred to as a ‘‘tactile’’ or ‘‘touch’’ stim- 
ulus. 

3. Visual stimulation, as a conditioning 
stimulus, was made possible by variation in 
the background illuminatiomw of the room. 

The conditioning stimulus always pre- 
ceded the unconditioned stimulus by a vari- 
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intentionally varied widely in the attempt to 
avoid cyclic conditioning. 

Conditioning to a given type of stimulus 
was carried out on one day and 3 to 7 days 
allowed to elapse before conditioning to an- 
other modality of stimulus. Simple condition- 
ing to sound, touch or light was completed in 
a two week period, then a two week rest 
period was allowed before undertaking dif- 
ferential conditioning. This made a minimum 
of six sessions for each animal in this control 
series. . 


Examples of EEG records of conditioning in monkey M9, relaxed, slightly drowsy, but not 
asleep. The records were from the left fronto-central (LF-C), left ant. -post. temporal 
(LAT-PT), left parieto-occipital (LP-O), right fronto-central (RF-C), and right parieto- 
occipital areas (RP-O). S is the signal indicating the occurrence of stimuli. 


In A is shown the absence of response to a 500 ¢c/sec. tone, the conditioned stimulus, 
following its repetition for adaptation prior to conditioning. 

In B is shown the first conditioning trial with a generalized activation response to the 
UCS flicker at 500 f/see. (second pip on signal line). 


A generalized activation response has been conditioned to the tone (first pip) in C, but 
only appears in occipital regions after further conditioning in D. 


When the tone was presented alone, after conditioning, a biphasic activation response was 
obtained as shown in E, the first being the simple conditioned response to the tone, the 
second a response to the previous time interval between tone and light. 


RESULTS 
A. Blocking or ‘‘desynchromzing’’ 
conditioned response. 
On presentation of a photic stimulus at 
500 ¢e/see. a clear blocking or desynchroniza- 


able interval of about 2 or 3 sec. The un- 
conditioned stimulus (flicker) was then turn- 
ed on and both stimuli continued for 3 or 4 
sec. together. They were both turned off 
simultaneously. The intertrial interval was 
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tion of the parieto-occipital alpha rhythm was 
seen. 

The minimal intensity of stimuli used for 
conditioning (tone, touch or change in back- 
ground illumination) when presented alone 
initially caused a blocking reaction of all 
cerebral rhythms which was most pronounced 
in central regions. On repetition, however, 
this response completely disappeared (fig. 
1A). At the beginning of the paired trials, 
therefore, the CS caused no change in cer- 
ebral activity while the UCS produced a clear 
blocking (fig. 1B). The first stage in con- 
ditioning was identified by the fact that the 
blocking response began before onset of the 
flicker and in response to the CS. Most 
important, is the fact that this initial evi- 
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The lack of EEG response to the CS before 
conditioning is shown in A, while a con- 
ditioned blocking response to touch, which 
was localized to occipital leads, and did not 
appear in the frontal derivations on either 
side, is shown in B. 

Generally, similar responses were obtained 
to each sense modality, although the number 
of trials required to establish a temporary 
connection to light (change in background 
illumination) as CS was slightly greater than 
that to tone or touch. (Mean 13.2 trials for 
light as compared to 8.2 for tone. ) 

The criterion taken for the number of 
trials necessary for the establishment of sim- 
ple conditioning was the first of a series of 4 
successive unreinforced responses to the con- 
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Fig. 2 


Examples of conditioning to a weak electric shock to the skin (‘‘touch’’) in monkey M9. 
EEG records followed same order as shown in figure 1. 
A. First conditioning trial showing response to UCS (flicker 500/sec.) but none to CS 


(touch to right leg). 


B. Fully developed CR to touch with blocking localized to occipital regions. 

C. Differential response to touch after conditioning. The first stimulus (touch to left leg) 
had been negatively conditioned, i.e., never paired with flicker, while the second stimulus 
(touch to right leg) is that used in B and had been reinforced. 


dence of a temporary connection appears in 
all leads more or less equally and simulta- 
neously (fig. 1C). 

If the conditioning process is continued a 
gradual contraction of the blocking reaction 
occurs, limiting it to the occipital region (fig. 
1D). This sharply localized blocking response 
to the conditioned stimulus is the final form 
of the CR. Such a response is quite selective 
and can be made to distinguish between tones, 
for example, of 200 and 500 cycles by con- 
stantly reinforcing one tone and presenting 
the other without reinforcement. Differential 
responses to positively and negatively con- 
ditioned stimuli are illustrated in figure 2C. 


ditioned stimulus. The criterion for differ- 
ential conditioning was the first trial in a 
series of 9 correct responses in 10 trials. The 
number of trials to reach these eriteria for 
both simple and differential conditioning are 
present in table I. It will be noted that the 
degree of consistency is quite high with the 
exception of animal M8. This animal was 
frightened and weak, ate poorly, and died 
before the experiments were completed. The 
number of trials necessary to produce a clear 
conditioned response were considerably great- 
er in this animal than in all of the others. 
The mean for the normal group in the above 
table includes this sick animal but an addi- 
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tional figure, in parenthesis, is given exclud- 
ing this animal in order to give a more 
‘‘normal’’ means. 

The number of trials required for dif- 
ferential conditioning was about three times 
that required for simple conditioning. The 
same relative ‘‘difficulty’’ between condition- 
ing to sound, touch, or light, obtains for dif- 
ferential as well as simple conditioning. 

There seems to be little effect of ‘‘sophi- 
stication’’, i.e. alteration of results produced 
solely by repeated exposure to the test situa- 
tion. In some animals there was evidence for 


of ‘‘strength’’ of the conditioned connection 
established. | 

The per cent difference between adaption 
and extinction was calculated by. the following 
formula: 


N Ext. trials — N Adapt. trials 


«x 100 = 
N Adapt. trials 
per cent difference 


This gave the percentage increase of trials 
required to extinguish the conditioned re- 
sponse as compared to simple adaptation to 
repetition of the same stimulus before con- 


TABLE I 
NORMAL CONTROLS: NUMBER OF TRIALS TO CONDITION 
Simple Differential 

Animal Auditory Somatic Visual Auditory Somatic Visual 
M8 31 25 
B9 9 7 12 28 26 39 
M10 rj 8 12 25 21 36 
Mil 6 5 11 19 21 31 
M12 7 11 15 21 20 32 
M13 9 5 11 22 14 38 
M14 14 10 17 30 19 34 
M15 6 5 15 21 20 34 
Mean 11.1 9.5 13.2 23.7 20.1 34.8 

Normal (8.2) (7.2) 


spontaneous recovery of conditioned response 
two weeks after an experimental series which 
had been terminated by extinction of the re- 
sponse by repeated unreinforced trials. 


The number of trials necessary to extin- 
guish a conditioned response, once established, 
was also recorded. This was compared with 
the number of trials which were required 
for adaptation to the conditioned stimulus 
at the beginning of the session. The con- 
ditioned stimulus produced a_ generalized 
blocking or ‘‘arousal’’ response when first 
presented which rapidly disappeared with re- 
petition. The criterion for both adaptation 
and extinction was the number of trials be- 
fore the first of a series of four successive 
stimuli which produced no response. If it 


took a larger number of trials to extinguish 
the response after conditioning than it had 
taken to adapt to the same stimulus prior to 
eonditioning, this should represent a measure 


ditioning. The results are summarized in 
table II. It will be noted that simple adapta- 
tion to the conditioning stimulus required 
only about 5 to 8 stimuli (with the exception 
of the sick animal, M8). Extinction after con- 
ditioning required about 3 times as many 
trials following a simple conditioning series, 
and about 4 times as many to produce extinc- 
tion following the differential series of trials. 
The per cent difference between adaptation 
and extinction varied widely with different 
animals, with a minimum of 160 as the mean 
for simple conditioning to touch and a maxi- 
mum of 343 as the mean for differential con- 
ditioning to sound (tone). 


It may be significant that the number of 
trials required for adaptation to sound, touch, 
or light, show the reverse, relative order from 
that for trials to condition, e.g., light shows 
quickest adaptation and requires greatest 
number of trials to condition; touch shows 
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slowest adaptation and most rapid condition- 
ing. The relative order of number of extinc- 
tion trials, however, parallels the order of 
number of trials required in initial condition- 
ing. 


B. Facilitatory Conditioned Response. 


When the flicker frequency was reduced 
from 500 f/sec. to 50 f/sec. a sudden change 
was noted in the response from the occipital 
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It was possible to condition this augment- 
ed or facilitatory cortical response by the 
same means as that used for the ‘‘blocking”’ 
CR. An example of the simple facilitatory 
conditioned response is shown and a differen- 
tial response in figure 3D. The 2nd stimulus 
was a tone of 1000 c/sec. which had never 
been reinforced. The cortical response to this 
tone was quite different. If one examines the 
tracing carefully, a faint response can be seen 
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EEG records of left and right parieto-occipital areas before and during conditioning of a 


tone to flicker (UCS) at 50 f/sec. 
A. Tone (500 ¢/see.) before conditioning. 


B. Effect of flicker (50/sec.) alone. Response is at 12-14 c/sec. which may be a subharmonic. 
C. A series of consecutive conditioned responses showing the ‘‘facilitatory’’ response to the 


tone (CS). 


D. Differential CR. Positive tone (reinforced) is 50 ¢c/sec.; the negative tone is 1000 ¢/sec. 
E. Simple CR as in C. But with a particularly long lasting facilitatory effect continuing 


considerably past the end of stimulation. 


cortex. The moderate voltage background 
activity, instead of ‘‘blocking’’ with the onset 
of the flicker showed an abrupt augmenta- 
tion and regularization at a rhythm of 12-14 
e/see. This was quite consistent and occurred 
with every presentation of the flicker. 


to the 1000 c/see. tone. This is a residual 
generalization phenomenon and disappears 
with continued reinforcement of the differen- 
tiation. 

In some instances the facilitatory response 
outlasted both conditioned and unconditioned 
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stimuli, as shown in figure 3D and 3E. This 
is an important argument against the notion 
that any of these responses (UCR or CR) are 
simple evoked potentials rather than centrally 
organized reactions. 

In most instances the repetitive response 
was at a subharmonic of the flicker frequency. 
It is very likely, therefore, essentially the 
same response as that to be described below 
as ‘‘photie driving’’. 
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cipital cortex, namely, about 6 or 12 per sec. 
It is commonly called ‘‘ photic driving’’. This 
provides a positive, frequency specific, un- 
conditioned response which can be used with 
the various conditioned stimuli, in the attempt 
to form responses of a different character 
than the alpha blocking described above. 

It was found that when a low frequency 
flicker was the UCS the establishment of a 
localized (occipital) blocking response to 
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Fig. 4 
Examples of ‘‘photie driving’’ occipital response when flicker was reduced to within the 


range of normal rhythms, 6-12/sec. 


A and B. Simple photic responses to flicker at 6/sec. 


Note the variation in form and 


regularity of these two successive responses to the same stimulus. 
C. First conditioning trial showing response to UCS (flicker at 6/sec.) but no response to 


CS (tone 500 ¢/sec.). 


D, E, F, G, are varieties of conditioned photic driving. In D and E the response is rather 
irregular (as in B). Note that the latency is less in E than in D and that an eyeblink 
artifact can be seen in D at the time the flicker appears, and well after the repetitive cortical 
response has begun. F, is a frequency-specific (to the UCS) response at lower voltage, 
gradually building up to onset of flicker. G, is a regular frequency-specific CR fully 
established. 

Note in all tracings that this response, unlike the early blocking CR, is always localized to 
parieto-occipital regions, with some lower voltage response in posterior temporal regions. 


C. Repetitive or ‘‘ photic driving’’ 
conditioned response. 

The characteristic unconditioned response 
of the occipital cortex to intermittent photic 
stimulation at lower frequencies is a series 
of potential waves which ‘‘follow’’ the 
flicker frequency. These responses are of 
greatest amplitude and regularity when the 
flicker frequency approaches that of the 
spontaneous electrical rhythms of the oc- 


tone, touch or light was somewhat easier than 
with a 500 c/see. flicker, judged by extinction 
trials and per cent. Extinction-adaptation 


difference, the response was more persistent 
when established. 

Accordingly, the low frequency flicker 
(6-12 see.) was then used as the UCS on all 
animals. However, in the course of establish- 
ing such CR’s a different kind of response 
was also noted. This latter was a frequency 
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specific (to the UCS) occipital discharge be- 
ginning in the CS-UCS interval, i.e., preced- 
ing the onset of intermittent photic stimula- 
tion. It always occurred after the early 
phase of conditioning when the CS elicited a 
general blocking reaction and before the local- 
ized blocking CR had been established. In 
fact it was sometimes mixed with the latter, 
the CS-UCS interval containing both blocking 
and photie driving components (fig. 5F). 
The photie driving CR differed in several 
respects from the blocking CR. It was not 
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only present in the occipital leads. It showed 
no tendency to generalization at any time. 

The photie driving conditioned response 
was much less stable than the blocking re- 
sponse, and showed considerable irregularity 
from time to time during conditioning. Some 
variation was also observed in the uncondi- 
tioned response, as illustrated by two exam- 
ples in figure 4 A-C. 

After conditioning, a series of rhythmic 
waves appeared, following the conditioning 
(e.g. a 500 c/sec. tone), before the photic 
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Other experiments showing further varieties of conditioned photic driving. 

A and B. Frequency-specific (flicker 6/sec. in A and 8/sec. in B) repetitive discharge 
beginning before onset of flicker and gradually increasing in voltage to point when flicker 
appears. Tone of 500 ¢/sec. in CS. 

C. This is the localized desynchronization, limited to occipital regions, which is the most 
stable form of the conditioned electrographic complex. 

D. Another experiment. Background light (CS) alone before conditioning. There was no 


cortical response. 


E. Conditioned repetitive response to background light. Flicker at 6/see. is UCS. 
F’. A mixed response showing a low voltage frequency-specific component and a brief localized 


desynchronization. 


G. As in C, a typical conditioned desynchronization of the localized variety but with back- 


ground light rather than tone as the CS. 


always uniform or frequency specific through- 
out and varied considerably in form and 
latency. Unlike the blocking reaction it did 
not usually begin with the onset of the CS but 
appeared later in the CS-UCS interval. With 
continued reinforcement it ‘‘erept’’ closer 
to the onset of the CS. It also showed in- 
creasing regularization and more closely ap- 
proximated the flicker frequency as reinforce- 
ment was continued. Furthermore this re- 
petitive discharge appeared first and was 


stimulus was turned on, as shown in figure 
4, D-G. In spite of the variability in these 
conditioned responses, they were not much 
more variable than were the unconditioned 
photic driving responses. Most remarkable 
was the fact that the frequency of the con- 
ditioned occipital response appeared to be 
the same as that of the intermittent photic 
stimulus used as the unconditioned stimulus. 
It was necessary, of course, to examine this 
conclusion very critically because the flicker 
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frequency was very close to that of the spon- 
taneous electrical rhythms in the resting 
record. 

With further conditioning the positive 
‘‘nhotie driving’’ conditioned response tend- 
ed to disappear and be replaced by the local 
occipital blocking response, even with con- 
tinued reinforcement. This is illustrated in 
records from another experiment shown in 
figure 5. In this example a frequency spe- 
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ditioned stimulus In each ease, as condition- 
ing trials were continued, this ‘‘positive’’ re- 
sponse was replaced by what seemed to be a 
simple local blocking response, as illustrated 
in figure 5, C. A similar sequence was shown 
when using a visual or tactile conditioning 
stimulus, as illustrated in figure 5 D-G. 
Usually the frequency specific repetitive 
conditioned response appeared between the 
6th and 15th trial, and disappeared between 
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Fig. 6 


Chart of frequency changes in occipital electrical activity in the course of 
conditioning of repetitive responses. 

Counts are plotted for ten consecutive trials, beginning with the trial on 
which the CR first appears. Horizontal black lines in B, C and D, are 
flicker frequencies used as UCS in the several experiments. Filled circles, 
open circles and x’s indicate the frequency counts in the CS-UCS interval 
(for 1 see.). 

A. One second counts of the ‘‘alpha’’ frequency during presentation of 
the adapted tone to which this animal will later be conditioned. 

B. Frequency counts in CS-UCS interval during conditioning of same tone 
as in A to flicker of 12/sec. and 8/sec. 

C. Similar counts in another animal conditioned with flicker at 8, 10 


and 12/sece. 


D. A third animal conditioned with flicker at 6 and 10/sec. 
The same CS is used in all the recorded experiments for each animal. 
Each flicker frequency represents a separate experiment. 


cific response to a flicker of 6 f/sec. is shown 
in A and at 8 f/sec. from another series in 
the same animal in B. The conditioned stim- 
ulus in this example was a 500 c/sec. tone. 
It seemed that when the 6 f/sec. flicker was 
the unconditioned stimulus the conditioned 
response assumed this same frequency, while 
it changed to 8/sec. in another series when 
the higher frequency was used as the uncon- 


the 18th and 28th trial. It was more readily 
established with auditory or visual condition- 
ing stimuli than with the tactile stimulus, 
though the form of the electrical response, 
as recorded from the occipital cortex, was 
independent of the type of conditioning stim- 
ulus used. However, once the response was 
established, it occurred only to the stimulus 
to which it had been conditioned, not to a dif- 
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ferent tone than that which had been con- 
ditioned, and not to other forms of stimuli 
(touch or light) to which the response had not 
been conditioned. This suggests that the oc- 
cipital response was a truly specific con- 
ditioned response, and not an unspecific 
‘‘sensitization’’ or ‘‘setting’’ of a rhythmic 
response in the occipital cortex which might 
be then ‘‘triggered’’ by any unspecific stim- 
ulus. 

Since this response only occurred at flicker 
frequencies close to the natural rhythms, it 
was important to determine whether it was 
merely a non-specific augmentation of 
rhythms already present or was truly related 
to the frequency of the UCS. 

Several animals had been conditioned with 
a variety of frequencies as UCS (within the 
6-12 c/see. range) in different experiments. 
In 3 of these animals the frequency of the 
UCR was plotted against the frequency of 
the CR for 10 successive trials beginning with 
the trial at which the photic driving CR first 
was noted. As a control, frequency counts 
were made of the alpha rhythm, in one 
second epochs, during 10 successive presenta- 
tions of the adapted tone to which the animal 
was later conditioned. In addition each ani- 
mal served as his own control because the 
responses were plotted against 2 or 3 flicker 
frequencies in each case. These results are 
plotted in figure 6. 


It was apparent from these results that 
the auditory stimulus alone (a pure tone at 
500 ¢/see.) had no appreciable effect upon 
the frequency of the rhythmical electrical 
activity from the occipital region after the 
initial trials necessary for adaptation. In 
the same animal this tone was paired with an 
8 f/see. flicker in one conditioning series and 
with a 12 f/see. flicker in another series. 
It is apparent from the curve shown in figure 
6 B, that the conditioned response tended to 
stabilize gradually with repeated trials, ap- 
proaching more closely the 8 per see. fre- 
queney when this was the unconditioned stim- 
ulus frequency, and 12/see. when the latter 
had been the unconditioned stimulus fre- 
quency. In another animal flicker frequencies 
of 8, 10 and 12/see. were used in different 
conditioning series, and the results (fig. 6 C) 
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show a definite tendency for the conditioned 
response frequency to be determined by the 
unconditioned stimulus frequency in each 
ease. Likewise a similar frequency specific 
conditioned response appeared in a third ani- 
mal, as shown in figure 6, D. 


DISCUSSION 


Two distinct forms of conditioned re- 
sponse have been obtained. The first is a 
repetitive discharge at the flicker frequency 
and the second is a more stable, well local- 
ized desynchronization or ‘‘activation pat- 
tern’’. Both responses are limited to occipital 
and para-occipital areas. Moreover, under 
these experimental conditions there is a char- 
acteristic and consistently reproducible pat- 
tern or events which seems to provide objec- 
tive and more coherent evidence for certain 
aspects of the mechanism of formation of 
temporary connections between one sensory 
system and another. 


Before conditioning begins the uncon- 
ditioned stimulus evokes a ‘‘photie driving’’ 
response from posterior head regions which 
shows no systematic change with repeated 
presentation. The conditioned stimulus (tone, 
touch or light) elicits on first presentation 
a general alerting response characterized by 
an increase in muscle tension, increase in 
heart rate, widening of palpebral fissures and 
searching eye movements and a generalized 
cortical ‘‘desynehronization’’ or ‘‘activation’’ 
of the EEG which is most prominent in the 
rolandic area. All the components of this 
response show adaptation. That is, they dim- 
inish and finally disappear with repeated pre- 
sentation of the stimulus. Any alteration in 
the stimulus or of any variable in the exper- 
imental situation will restore the response in 
full. 

It seems probable that this general alert- 
ing reaction is identical with what Pavlov 
(1928) described as the ‘‘orienting reflex’’. 
The diffuse desynchronization is the cortical 
component of this reflex and represents a 
veneral ‘‘arousal’’ or increase in excitability 
(Jasper 1936, Motokawa 1949) of the entire 
cortex preparatory to dealing with a new 
situation. It may be distinguished from the 
localized desynechronization seen in the 0oc- 
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cipital alpha rhythm on presentation of a 
light stimulus or the equally well localized 
blocking of rolandic beta activity noted with 
continuous hand movement (Jasper and Pen- 
field 1949). Both the occipital and rolandic 
rhythms may be unilaterally affected if the 
stimulus is: adequately lateralized (Adrian 
1947). Bremer (1953) has demonstrated sim- 
ilar discrete desynchronization in the auditory 
cortex when it is appropriately stimulated. In 
the normal animal, the generalized alerting 
reaction is never unilateral nor is it confined 
to any specific sensory representation. 


After several paired trials, the CS again 
elicits a generalized ‘‘blocking’’ response 
identical in all respects to the original alert- 
ing reaction. The reappearance of this reac- 
tion is not surprising. It has been shown by 
Sokolov (1954) that the orienting reflex, after 
being extinguished in relation to a particular 
stimulus, is restored when that same stimulus 
is made the signal for a conditioned response. 
The fact that this restored general cortical 
activation also gradually disappears, despite 
continued reinforcement, is additional evi- 
dence of its ‘‘orienting’’ nature. As paired 
trials are continued, the diffuse activation 
pattern gives way to a precise, frequency- 
specific (to the flicker frequency) discharge 
limited to the occipital regions. Finally, with 
present recording techniques, the repetitive 
discharge, even with continued reinforcement, 
appears to be replaced by focal low voltage 
fast activity which is also sharply limited to 
occipital (to a lesser degree, parietal and 
posterior temporal) areas. There is an inter- 
vening stage when the repetitive response and 
the localized asynchronous response are mixed, 
both occurring in the same CS-UCS interval 
(fig. 5 F). Differentiation may begin during 
the phase of generalized activation but is 
usually not well established until either the 
repetitive or the localized activation phase. 

These stages of development are very sim- 
ilar to those described by Livanov (1945) as 
stages in the cortical desynchronization which 
characterizes a motor conditioned reflex. He 
describes a stage of pregeneralization during 
which desynchronization is present only in 
the cortical projection area stimulated by 
the unconditioned stimulus; a stage of gen- 
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eralization during which the desynchroniza- 


_ tion spreads throughout the entire cortex; a 


stage of concentration during which the de- 
synchronization localizes in the cortical pro- 
jection areas of the efferent system responsible 
for the reflexly conditioned activity. 


Such findings suggest that the .alpha 
blocking or desynchronization corresponds to 
a definite functional state of the cortical area 
involved, an activation or excitation of the 
neuronal units therein. It has been argued 
(Sokolov 1954) that this is the specific cor- 
tical expression of orienting or alerting be- 
havior and that the circumscribed activations 
of direct projection systems are merely smal- 
ler components of the generalized orienting 
reflex. Interpreting the data in this manner 
one can recapitulate the pattern as follows: 

The conditioning stimulus when first pre- 
sented causes a generalized orienting response, 
expressed as a diffuse desynchronization of 
cortical rhythms. On repeated presentation 
this rapidly adapts until there is no evident 
cortical response. Then, when paired trials are 
begun, the conditioned stimulus becomes a 
signal for the flicker (UCS) which is to fol- 
low. The general orienting reflex is restored. 
As paired trials are continued, again the 
orienting reflex begins to disappear as it is 
replaced by the repetitive discharge at the 
flicker frequency. This latter is the specific 
conditioned response. The orienting response 
disappears unevenly, however. Frontal and 
central rhythms return to a ‘‘resting’’ stage 
while activation persists in the occipital, 
parietal and posterior temporal regions, i.e., 
those areas required for the perception and 
elaboration of the stimulus and the mediation 
of the response. 

The disappearance of the repetitive, fre- 
queney-specifie discharge, despite continued 
reinforcement, is somewhat surprising. It 
may be, however, that this is an artifact of 
the electrical recording system used in this 
study. There is evidence that during the 
establishment of conditioning the localized 
desynechronization and the repetitive dis- 
charge compete (fig. 5 F) for predominance. 
It is likely that both responses actually per- 
sist in the final electrographic complex, the 
positive discharge being obscured (reduced 
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to below the amplifier noise level) by the 
lower voltages generated (Adrian 1949) when 
many of the nérve cells are firing asyn- 
chronously. We suspect that an auto-correla- 
tion (Brazier 1954) or frequency analysis 
of the CS-UCS interval in the final complex 
might reveal a clear persistent rhythm at the 
flicker frequency. 


On the other hand, the lack of disap- 
pearance (extinction) of the final localized 
desynchronization is unusual if the latter is 
considered a component of orienting behavior. 
It was Pavlov’s contention that an orienting 
reflex could not be conditioned precisely be- 
cause it was extinguished by the same repeti- 
tion of the stimulus that was necessary to 
condition it. 

There are at least two interpretations of 
this phenomenon. If the localized blocking 
is a fraction of the orienting reflex, then one 
must conclude that a portion of the orienting 
reflex remains within the conditioned reflex 
as a requisite for the adequate perception of 
the signal stimulus. However, EEG desyn- 
chronization may not always be a component 
of the orienting reflex, but rather a non- 
specific sign of cortical activation which re- 
flects a variety of unrelated neural events. 
The localized blocking may be a new positive 
conditioned activation entirely separate from 
the orienting response. There is, in fact, some 
evidence supporting a real distinction be- 
tween generalized and local ‘‘arousal’’ pat- 
terns. 

The diffuse EEG ‘‘arousal’’ produced by 
electrical stimulation of the brain stem retic- 
ular system (Moruzzi and Magoun 1949; 
Lindsley, Bowden and Magoun 1949) is in 
sharp contrast to the localized desynchroniza- 
tion incident upon activity in a circumscribed 
area. Moreover, it shows the same anterior 
and central predominance (Adrian et al. 
1954) exhibited in the general EEG 
‘farousal’’ induced by sudden or forceful 
peripheral stimuli. On the other hand, Jasper 
(1949) and many co-workers have demon- 
strated, in the intralaminar and related nuclei 
of the thalamus, a more highly specialized 
portion of the reticular formation. The thal- 
amic system appears to be closely related by 
both ascending and corticofugal fibers to 
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specific cortical regions, overlapping those of 
the direct projection systems, and permitting 
local effects upon specific cortical areas 
(Penfield and Jasper 1954). Electrical stim- 
ulation of these nuclei at low frequency 
(within range of normal background rhythms) 
produces the recruiting response of Morison 
and Dempsey (1942), while high frequency 
stimulation may induce discrete blocking. 
Furthermore, in a recent study Jasper, 
Naquet and King (1955) have demonstrated 
that recruiting responses in direct sensory 
projection areas may be arrested by simulta- 
neous sensory stimulation as well as by simul- 
taneous activation of the ascending reticular 
formation. However, the blocking induced by 
discrete sensory stimulation may under cer- 
tain conditions exert its effect only on the 
recruiting response in the given sensory re- 
presentation while ascending reticular activa- 
tion disrupts recruiting responses from all 
areas. It is possible that the repetitive con- 
ditioned response and the localized desyn- 
ehronization utilize these same or overlap- 
ping thalamic pathways, thus resulting in a 
similar occlusion effect in the final complex. 
With these recording techniques, we cannot 
of course distinguish between real occlusion 
at single units and the algebraic result of the 
loss of field effects by desynchronization. 

The thalamic reticular system provides a 
physiologic and anatomic basis for local fa- 
eilitation or ‘‘alerting’’ of a given cortical 
area without necessarily involving the entire 
eortex. These findings parallel behavioral ob- 
servations which clearly distinguish general 
altering or arousal response from those sharp- 
ly delimited reactions involved in focussing 
attention on a single object. It seems likely 
that two kinds of temporary connection have 
been established under the same experimental 
conditions — a repetitive, frequency-specific 
discharge and a focal activation pattern limit- 
ed to a specific sensory system. 

The localized occipital frequency-specifie, 
repetitive discharge which, following paired 
trials, is elicited by a previously ineffective 
stimulus and is subject to differentiation, we 
regard as an objective trace in cortical activ- 
ity of a conditioned temporary connection. 
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SUMMARY 


A technique has been developed which 
makes possible the establishment and record- 
ing of conditioned cortical electrical responses 
in the normal unanaesthetized monkey. These 
responses were of two forms; a repetitive dis- 
charge specific to the frequency of the uncon- 
ditioned stimulus, and a localized activation 
pattern limited to the sensory receiving area 
of the unconditioned stimulus. These re- 
sponses appear in a relatively constant se- 
quence with the first evidence of conditioning 
being a generalized activation followed by the 
repetitive response and then the localized ac- 
tivation of the sensory receiving area. 
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The purpose of this investigation was to 
study the effect of a chronic focal epil- 
eptogenic lesion on day-to-day cerebral func- 
tion. In the past a great deal of work had 
been devoted to clinical and electrophysiol- 
ogical abnormalities associated with seizure 
states in human epileptic patients and in 
experimental animals. Moreover, in inter- 
Seizure periods, the human EEG has been 
studied quite thoroughly and a more or less 
clear pattern of abnormality has been noted 
(Gibbs, Davis and Lennox 1935; Gibbs, Gibbs, 
and Lennox 1943; Jasper and Nichols 1938; 
Jasper and Kershman 1941). However, sur- 
prisingly little attention has been devoted to 
the functional correlates of the interseizure 
electrographic disturbances. 


Clinically it is, of course, well known that 
patients with convulsive disorders often show 
various degrees of mental impairment and 
behavioral abnormality in the interseizure 
interval. Children frequently have consider- 
able difficulty in school. And, despite many 
exceptions, there is an overall correlation be- 
tween the degree of these disturbances and 
the frequency and severity of seizures (Ford 
1952). In an effort to refine our knowledge 
of the nature of these ‘‘disturbances’’ a large 
literature on psychological testing in epileptic 
patients has accumulated (Harrower 1941; 
Mayman and Rapaport 1947; Somerfeld- 
Ziskind and Ziskind 1940; Deutsch 1953). 
Evidence has been presented showing intel- 
lectual deterioration (Arieff and Yacorzynski 
1942; Keith et al. 1955) and prominent mem- 
ory deficits (Collins 1938, 1941; Fox 1924). 


1 Supported in part by a grant from the Teagle 
Foundation. 


Although some support has been found for 
a distinction between large groups of organic 
or symptomatic epileptic patients and the so- 
ealled ‘‘idiopathic’’ group (Yacorzynski and 
Arieff 1942), more recent work has shown 
much greater differences between all epil- 
eptics as a group and non-epileptics. The 
same study (Deutsch 1953) revealed signif- 
icant evidence of ‘‘organicity’’ in patients 
with ‘‘idiopathie’’ epilepsy. There has been 
virtually on work relating the specific loca- 
tion within the brain of a discharging lesion 
and the resultant disturbance in cortical 
function. 

With the advent of the alumina cream 
technique (Kopeloff, Barrera and Kopeloff 
1942; Pacella, Kopeloff, Barrera and Kope- 
loff 1944) it became possible to study exper- 
imentally induced chronic focal epilepsy in 
animals. Behavioral observations were car- 
ried out by Pribram (1950), Chow and Obrist 
(1954) and Henry and Pribram (1954) on 
monkeys (Macacus rhesus) with alumina 
eream lesions in visual and in frontal cortex. 
All studies involved retention of previously 
learned visual discriminations or delayed re- 
sponses; none were concerned with learning 
of new material after an epileptogenic focus 
had been established. Nevertheless, Pribram 
(1950) was able to demonstrate transient 
impairment in one monkey’s performance on 
delayed response tests and visual discrimina- 
tion following seizures induced by applica- 
tion of alumina cream to prefrontal cortex. 
Chow and Obrist were unable to find any 
deficit in retention of visual discriminations 
in three monkeys with bilateral prestriate 
cortex dise placements. As the latter authors 
point out, EEG’s were not taken during the 
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period of actual testing and therefore it is 
not known whether the lesion was actively 
firing at that instant. Henry and Pribram 
(1954) noted some lability in performance 
in monkeys with alumina cream lesions, but 
found that they performed at or near normal 
levels on visual discrimination and delayed 
alternation problems even within minutes 
after a major seizure. Morrell (1954b) also 
noted in man no impairment of conditioning 
performance immediately following a petit 
mal attack with unconsciousness. 


It is quite likely, however, that these 
negative findings reflect our inability to 
measure the particular function of a given 
area in the instantaneous presence of a dis- 
charging lesion of that area. A generalized 
seizure may effect all regions equally or it 
may effect the cortex only secondarily, as in 
petit mal. The time required for recovery 
of good test performance is also unknown. 
We need a means of investigating function in 
a specific area with simultaneous recording 
of the electrical activity in the same region. 


With this in mind, preliminary studies in 
man (Morrell 1954a), using the conditioned 
alpha technique, have shown an impairment 
in conditioning to auditory stimuli in patients 
with actively discharging temporal lobe foci. 

In order to further examine the intimate 
relationship between the specifically epilepti- 
form quality of a lesion and disturbance in 
cortical function, a technique has been devel- 
oped by which the EKG tracing and forma- 
tion of conditioned responses could be simul- 
taneously observed. The technique of con- 
ditioning the alpha rhythm in monkey, using 
intermittent retinal illumination as the un- 
conditioned stimulus, was described in the 
previous report.! It was felt that this techni- 
que provides a measure of moment-to-moment 
brain function in the various sensory systems 
and that it may make possible an evaluation 
of the impairment of physiological function 
resulting from the presence of a chronic focal 
epileptogenic lesion in primary sensory re- 
celving areas and in other areas of the cortex. 


1 This Journal, page 201. 
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TECHNIQUE 


Seven monkeys (Macaca Mulatta) never 
before tested and two on whom pre-operative 
testing had been done were ‘subjected to 
eraniotomy and placement of alumina gel 
dises. All were immature animals, 6 male, 3 
female, with weights ranging from 3.1 to 4 
keg. One animal, previously tested, was sub- 
jected to blank craniotomy. This consisted of 
opening skull and dura, recording evoked 
potentials to auditory stimuli, and closing 
without placement of alumina gel. 

Of the 9 epileptic animals, 6 had lesions 
in primary sensory cortex: 2 in auditory cor- 
tex (one unilateral and one bilateral), 2 in 
post-central leg area (both unilateral, left 
sided) and 2 in the left occipital lobe. The 
sensory areas were identified by recording 
evoked potentials to the appropriate stimulus 
and placing the dise over the area of maxi- 
mum evoked response. 

Two animals had 0.1 ee. of alumina cream 
injected stereotactically (Olszewski 1952) in 
the left amygdaloid-hippocampal region and 
one had a left frontal placement anterior to 
motor cortex. All but one monkey had wni- 
lateral lesions and only one sensory receiving 
area was involved in each animal. 

Craniotomy was performed aseptically 
under Nembutal in a one stage procedure, 
except for the bilateral auditory placement 
which was done in two stages. 

The alumina gel preparation was commer- 
cial Amphojel autoclaved to the consistency of 
thick paste. Hollow lucite dises, 1 em. in 
diameter, were constructed to apply the cream 
to the pial surface. 

Protocols, including seizures, physical 
signs and behavioral observations, were kept 
daily for two weeks following surgery and 
two or three times a week for the next six 
to eight months. None of the animals had a 
neurological deficit lasting more than 24 
hours after operation. One monkey (M1) had 
several focal seizures immediately after arou- 
sal from anesthesia. He was placed on phe- 
nobarbital for three days during which time 
the seizures ceased. The drug was discon- 
tinued. No other animal was given drug 
theranv at any time. 
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Physical and behavioral observations in- various quadrants of the visual field, and 
eluded specific testing of response to light spatial localization of various sounds. 
touch on face and all extremities, visual pur- Testing in the epileptic animals was begun 
suit of edible objects, response to threat from when serial EEG’s showed clear epileptic foci 
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Fig. 1 


Foeal spike discharge from the left occipital region (A) and from the left temporo-parictal 
area (B) in two monkeys following implantation of alumina gel in the left oecipital and 
temporal areas respectively. The sample (B) was taken at the onset of a clinieal seizure. 
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and when clinical seizures could be provoked. 
The system of testing was described in the 
previous report. All monkeys were tested with 
all modalities of sensation regardless of the 
site of the lesion. 


RESULTS 


Paroxysmal electrical discharges or spora- 
dic spikes appeared in the EEG from the 
vicinity of the alumina discs in all animals 
within 4 to 6 months after the discs were 
placed. Spontaneous clinical seizures oc- 
eurred in the 2 animals with alumina gel 
injected into the amygdaloid region. These 
were minor attacks consisting of arrest of 
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Most animals developed ‘‘mirror’’ foci in 
the homologous cortical area of the opposite 
hemisphere, but in none was there gross 
generalized disturbance in the EEG. 

The same criteria for the establishment 
of a conditioned response were used in this 
study as described in the previous report 
(op. cit.). Arbitrary limits were set so that 
if positive conditioned responses were not 
apparent after 200 trials for simple condition- 
ing, or 400 trials for differential condition- 
ing, no further trials were given and a neg- 
ative result recorded. The number of trials 
required to establish a stable conditioned re- 
sponse, simple or differential, for each of the 


TABLE I 
EPILEPTIC ANIMALS: NUMBER OF TRIALS TO CONDITION 


Simple Differential 

Area of Lesion Auditory Somatic Visual Auditory Somatic Visual 

Left Temporal 81 7 13 400ne 28 41 
(M1) 

Bilateral 200ne 3 8 400ne 21 31 
Temporal (M4) 

Left 9 8 112 18 16 400ne 
Occipital (M3) 

Left 9 7 200ne 27 31 400ne 
Occipital (M10) 

Left Post 4 10 7 24 34 15 
Central (M2) 

Left Post 10 200ne 13 29 400ne 33 
Central (M13) 

Left Frontal 3 4 11 21 12 29 
(M5) 

Left Amygdaloid 70 25 143 400ne 400ne 400ne 
(M6) 

Left Amygdaloid 57 7 110 400ne 24 400ne 
(M7) 

Mean Normal 423 9.5 13.2 23.7 20.1 34.8 

(8.2) (7.2) 
movement with staring, contraversion, and sensory modalities tested in each of the 


twitching of the faee. Clinical attacks oc- 
curred in the other animals only following 
excitement (prodding with a stick) or fol- 
lowing Metrazol injection (20 mg/kg.). Exam- 
ples of the type of local discharge which 
developed in the EEG are presented in 
figure 1. 


operated animals is presented in table I. The 
mean number of trials for conditioning in 
the control series with unoperated animals is 
presented for comparison. 

In all animals with epileptogenic lesions 
in sensory receiving areas (auditory, somatic 
or visual) there was a marked impairment of 


EPILEPTOGENIC LESIONS AND CONDITIONING 221 


conditioning only to the particular modality no impairment of conditioning to stimulation 
of sensation involved, with one exception in of the skin. 

the case of M2 who had an epileptogenic In both of the two animals with epilepto- 
lesion in the post-central gyrus but showed’ genic lesions of the auditory cortex it was 


Fig. 2 
At the left is shown the placement of dises as confirmed at the time of the second operation 
in monkeys with epileptogenic lesions in sensory receiving areas. Samples of the electrocortico- 
grams from the areas around the dise are also shown in each ease. 
On the right is shown the areas of excision in these animals with samples of the corticogram 
taken around the border of the excision at the end of the second operation. 
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impossible to establish differential condition- 
ing to tones in 400 trials, and even simple 
conditioning to a tone was hard to establish 
in one animal (M1) and was impossible in 
200 trials in another (M4). These animals 
showed no impairment in conditioning to 
visual or somatic stimuli. 

The two animals with epileptogenic lesions 
of one occipital lobe showed a comparable 
marked impairment in conditioning to visual 
stimuli; no differential visual conditioning 
was possible in 400 trials with either animal. 
Both simple and differential conditioning 
were not possible to somatic stimuli in one of 
the animals with a post-central gyrus lesion. 

Since there was no significant impairment 
in conditioning to stimuli related to areas of 
cortex not involved in epileptogenic lesions, 
each animal served as his own control. A 
further control was provided by the animal 
with a lesion of the frontal cortex (M5) who 
showed no impairment in any form of con- 
ditioning. 

A remarkable loss in ability to form con- 
ditioned responses was shown in the two 
animals with epileptogenic lesions in the 
amygdaloid region. In one of these animals 
(M6), it was not possible to establish dif- 
ferential conditioning to either auditory, 
somatic, or visual stimuli with 400 trials. In 
the other (M7), only auditory and visual dif- 
ferential conditioning were so affected, while 
both simple and differential conditioning to 
somatic sensory stimuli were within normal 
limits. Both animals also showed marked 
impairment in simple conditioning to visual 
and auditory stimuli, with less effect upon 
simple conditioning to somatic sensory stimuli. 


It is apparent from these results that 
epileptogenic lesions of sensory receiving 
areas of the cortex cause a marked impair- 
ment of conditioning processes involving only 
the sensory system included in the dis- 
charging lesion. Discharging lesions of the 
amygdaloid area causes a more generalized 
disturbance in conditioning, most marked 


with respect to visual and auditory stimuli. 
Are these effects due to the simple destruc- 
tion of cortical tissue by the reactive sear, 
or are they due to the epileptogenic or ‘‘dis- 


9? 


charging’’ character of these lesions ? 
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In order to investigate this problem all 
animals were reoperated (by Dr. Roberts) 
and all actively discharging tissue, as tested 
by electrocorticograms, were excised by sub- 
pial resection. Operations were performed 
under light Nembutal anaesthesia which did 
not suppress appreciably the epileptiform 
discharges recorded in the vicinity of the 
alumina gel lesions. The discs were removed 
and resections were continued until no further 
epileptic discharge could be detected on the 
borders of the excision. Care was taken to 
avoid damage to adjacent tissue or to im- 
portant blood vessels. The entire operation 
was carried out according to procedures per- 
fected by Dr. Penfield for the excision of 
epileptogenic cortex in man. Following con- 
ditioning tests the animals were sacrificed, 
the brains fixed in formalin, and the extent 


of the cortical lesions reconstructed from 


histological study of serial sections. 

The location of the alumina discs, as con- 
firmed at the time of the second operation 
in animals with lesions in sensory receiving 
areas is shown in figure 2. Examples of 
corticograms before and after excision are 
also presented, together with drawings of the 
extent of cortical removal in each animal. 
The latter drawings were made following re- 
construction of the extent of the ablation from 
histological study. (Only one occipital lesion 
is shown because the other animal with an 
occipital lesion died of inter-current infection 
prior to the second operation.) In all of 
these animals excision of actively discharging 
epileptogenic tissue was considered fairly 
satisfactory, and was confirmed by serial 
EEG records taken postoperatively. 

The location of the alumina gel lesions, as 
confirmed at operation in the animal with 
a focus in the left frontal lobe, and the two 
animals with injections into the amygdaloid 
region are shown in figure 3. The extent of 
cortical ablations, mapped from histological 
studies, is also shown. 


The corticograms indicated satisfactory 
removal of the lesion of the frontal lobe, 
but elimination of electrical evidence of resi- 
dual epileptogenic tissue was much more dif- 
ficult in the two animals with amygdaloid 
lesions. In spite of very large removals of 
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not only the amygdaloid region, but large 
areas of temporal and frontal cortex as well, 
epileptiform discharge still remained on the 
posterior inferior border of the temporal lobe 
in one animal. Further details of the extent 
of these lesions will be presented together 
with the performance of these animals on 
conditioning tests after operation. 
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excision, photographs of the brains, with 
borders of the gross lesions dotted in, are 
presented in figure 4. 


M-1 Left Temporal 


This 4 kg. male monkey recovered well from the 
operation. There was a mild paresis of the right 
arm noted on reeovery from anaesthesia but it dis- 
sappeared completely within 4 days. Deep reflexes 


Fig. 3° 
Location of alumina gel disc in frontal region (upper left) and the approximate location of 
epileptogenic lesions in the two animals with injection of gel into the amygdaloid region. 
Samples of the corticogram taken at the time of the second operation are shown in each 
case, together with placement of recording electrodes. 
On the right is shown the cortical areas removed in each case, together with the electrogram 
following excision. 


RESULTS OF CONDITIONING TESTS 

FOLLOWING CORTICAL EXCISIONS 
Four to six weeks following excision of 
epileptogenic areas of cortex, during which 
time repeated EEG records were taken to con- 
firm the absence of residual epileptogenic 
tissue, all animals were again subjected to 
the same conditioning procedures. In order 
to properly evaluate these results it is neces- 
sary to present each animal separately, since 
the exact extent of the excision and post- 
operative course were different. In order to 
provide a clearer picture of the areas of 


then appeared normal and there was no detectable 
alteration in muscle tone. Auditory acuity seemed 
intact to gross testing, and localization of sounds 
in space was not impaired. Visual pursuit was well 
performed, and there was no defect in visual fields 
apparent to gross testing. No seizures were observed 
following operation. 

The performance of this animal on conditioning 
tests following excision of the epileptogenic lesion, 
as compared to its performance before excision are 
presented in table II (M1). The number of trials 
for initial adaptation (Adapt) to the conditioning 
stimulus before conditioning was begun, and the 
number of unreinforced stimuli required to extinguish 
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(Ext) the conditioned response are also presented. 
The percentage difference (%D) between adapta- 
tion and extinction trials gives a rough indication of 
the strength of the conditioned connections establish- 
ed, as described in the previous report (op. cit.). 
This animal (M1) showed a marked improve- 
ment in conditioning to auditory stimuli following 
excision of the epileptogenic focus in the left temporal 
lobe. The number of trials required for simple ¢on- 
ditioning to a 500 ¢/see. tone was reduced from 81 
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to extinction. (The significance of the reverse effect 
apparent in simple conditioning to visual and somatic 
stimuli as shown in table II by a reduction in %D 
following excision is uncertain.) 

There was no significant change in the number 
of trials required to form either simple or differential 
conditioned responses to visual or somatic stimuli. 
The interference caused by the epileptogenic lesion 
in the left auditory area and the improvement fol- 
lowing its excision was therefore limited to the use 


TABLE II 
M-1 LEFT TEMPORAL Epileptic Post Excision 
Simple Trial Adapt Ext %D Trial Adapt Ext %D 
Auditory 81 7 13 85 11 8 22 175 
Somatic 7 6 22 266 7 6 15 150 
Visual 13 6 22 266 9 5 16 220 
Differential 
Auditory 400ne 5 62 6 25 316 
Somatic 28 6 28 366 28 6 31 416 
Visual 41 5 16 220 34 5 19 280 
M-4 BILATERAL TEMPORAL 
Simple 
Auditory 200ne 5 15 8 32 300 
Somatic 3 4 19 375 6 5 13 160 
Visual 8 3 20 566 10 4 13 225 
Differential 
Auditory 400ne 3 230 4 7 75 
Somatic 21 7 31 342 16 6 20 233 
Visual 31 6 26 333 49 6 16 166 


to 11 (table II) the latter being within the range 
of normal as shown in table I. Differential con- 
ditioning was also more readily established though it 
required a greater number of trials than the un- 
operated control animals. However, this represented 
a distinct improvement, since it was not possible for 
this animal to be conditioned differentially to one 
tone (500 ¢c/sec. as compared to 200 ¢c/sec.) in 400 
trials when it had an active epileptogenic lesion in 
place of the cortical excision. 

The ‘‘strength’’ of the conditioned response 
to auditory stimuli was also somewhat increased, as 
judged by an increase in the number of trials re- 
quired to extinguish the response when the tone was 
presented without reinforcement. This resulted in 
an increased %D between adaptation and extinction 
(85 to 175). Not only were conditioned responses 
formed more rapidly but they were more resistant 


of auditory stimuli in the conditioning procedure. 
There was no appreciable effect upon the conditioning 
process as a whole. 


M-4 Bilateral Temporal Excisions 


A much more striking result was obtained in 
this 3 kg. male monkey. It had been subjected to 4 
surgical procedures: 2 dise placements and 2 exci- 
sions. At no time was there any evidence of a motor, 
sensory (touch), auditory or visual deficit. The 
animal was always alert, aggressive and sensitive to 
all stimuli. Despite the bilateral excision (figure 4) 
it invariably jumped at the faintest noise and looked 
in the correct direction. It is apparent from the 
photograph and from the reconstruction (fig. 2) that 
not all of auditory cortex was excised on either 
side, but a good proportion of the total auditory 
receiving system had been damaged. 
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There was a marked improvement in conditioning 
to auditory stimuli following excision of these two 
epileptogenic lesions, as shown in table II, M-4. 
While the animal was epileptic, no conditioning to 
tone, simple or differential was possible. Following 
excision of the epileptogenic lesions simple condition- 
ing became normal (comparable to other modalities 
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a temporary connection had been formed, it was not 
very firmly established. 


M-10 Left Occipital 

This monkey (4 kg. female) was one of the two 
epileptic animals tested prior to placement of alumina 
gel. The reversible alteration induced by the epil- 


Fig. 4 


Photographs of the brains of experimental animals with area of excision outlined by the 
dotted lines. In M-2 the additional area of infarction in the precentral area is outlined by 
a broken line. 


in this animal) and differential conditioning became 
possible. The discriminative capacity of the remain- 
ing auditory cortex was impaired, however, as com- 
pared to M-1 with the unilateral temporal ablation 
(table II). The %D of 75 suggested that although 


eptogenic lesion is well demonstrated. Before im- 
plantation, the number of trials required for all 
modalities in simple and differential conditioning 
were within normal limits (table III). A firing 
lesion in the occipital lobe produced complete loss of 
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the conditioned response (or inability to form the 
connection anew), to visual stimuli while preserving 
it unchanged to somatic and auditory stimuli. After 
ablation of the focus conditioning to light was re- 
stored to normal, while conditioning to other modali- 
ties remained normal. 

The extent of ablation is shown in figure 4. 
Almost the entire left occipital lobe had to be 
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M-13 Left Post-Central 


Testing was also carried out in this animal (3.1 
kg. male) before implantation of the alumina dise. 
The results of three periods of testing are shown 
in table IV. The conditioning prior to operation was 
entirely normal to all modalities, and, if one follows 
the response to auditory and visual stimuli through 
the epileptic and post-excision periods, it is evident 


TABLE III 

M-10 LEFT 

OCCIPITAL NORMAL EPILEPTIC POST EXCISION 
Simple Trial Adapt Ext %D Trial Adapt Ezt %D Trial Adapt Ext %D 
Auditory 7 5 18 260 9 8 19 137 8 5 21 320 
Somatic 8 7 18 157 7 9 21 133 6 9 24 166 
Visual 12 4 15 275 =©6200ne 5 15 + 11 175 
Differential 

Auditory 25 8 30 275 27 10 28 180 16 7 29 314 
Somatic 21 10 29 190 31 11 29 163 20 9 31 244 
Visual 36 6 21 250 400ne 4 42 6 15 150 


removed in order to excise completely the focus. Post- 
operatively, for two or three days, the animal tended 
to ignore objects on the right side. This improved 
to the extent that tests of visual pursuit or of 
ignoring one side of a row of peanuts did not dis- 
close a hemianopie defect. It was felt that while 
there was probably a field defect of some degree, it 
was minimal and was well compensated. 


that there was no major change in the capacity to 
respond to these signals. It is also evident that the 
response to somatic signals was, on the contrary, 
markedly altered following alumina gel implantation. 

After this effect on response to somatic signals 
had been noted, an attempt was made to determine 
whether or not the impairment extended to stimuli on 
the other side, that is, ipsilateral to the discharging 


TABLE IV 
M-13 LEFT 
POST CENTRAL NORMAL EPILEPTIC POST EXCISION 
Simple Trial Adapt Ext GD Trial Adapt Ext %D Trial Adapt Ext %D 
Auditory 9 5 16 220 10 5 18 260 12 9 21 133 
Somatic 5 7 19 171 200ne 4 18 10 26 160 
Right 
Left 112 11 16 45 7 9 22 144 
Visual 1t 5 12 140 13 5 17 240 15 6 17 183 
Differential 
Auditory 22 4 28 600 29 7 25 257 25 8 29 962 
Somatic 14 7 29 314 400ne 0 31 9 o4 166 
Right 
Left 400ne 12 22 5 27 440 
Visual 38 8 22 275 33 8 29 262 19 7 19 171 
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lesion. Accordingly, after the unsuccessful attempt to 
condition an alpha response to stimuli of the right 
leg, the same stimulus was applied to the left leg. 
Although conditioning was apparently possible, it 
was still considerably impaired, requiring 112 trials 
and showing a %D of 45. The impairment probably 
would have been greater had not the testing of right 
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In addition, in figure 5 C, the right temporal 
leads also recorded a burst of muscle potentials in 
response to the positive stimulus and none to the 
negative.1 

The EMG can also confirm the lack or failure 
of a conditioned discrimination. For example, in 
figure 5 A, there is shown the lack of cortical re- 


leg response immediately preceded left leg testing. 
In differential conditioning it was impossible to 
establish discriminative responses to stimulation of 
one leg or the other in this epileptic animal. 


sponse to a touch to left leg before conditioning. 
As noted above, after 112 trials a simple conditioned 
response was obtained to this stimulus. Differential 
conditioning was then attempted and the result is 


HraMiyerineh Banari eyprnteertinte yA tar ied tie SAN dura A 
Ade ihea hi liveiene anil tne ensLat halla Danny YAM erp aii Alas me DN hirer ae 


Fig. 5 

EEG tracings from conditioning series in monkey M-13 who had an epileptogenie lesion in 

the left posteentral region. In (A) is shown the absence of response to stimulation of the 

left leg prior to conditioning. In (B) is shown a differential conditioned response to a 500 

eyele tone, preceded by no response to a 200 eyele tone whieh had not been reinforeed by 

the visual stimulus (flicker). In (C) is shown a differential CR to light, the first stimulus 

being a negatively conditioned light, and the second the positively conditioned light. 

(D). The results of an attempt to establish a differential conditioned response to somatie 

stimuli (left or right leg) after a simple positive CR to stimulation of the left leg had been 

established. This is trial 400. The first stimulus shows a positively conditioned response to 

stimulus of the left leg, followed by a response also to stimulation of the right leg whieh 

had never been reinforeed by flicker (the UCS). 

The first ‘‘pip’’ in the signal line indicates stimulus on, the next off for single stimuli 

asin (A). 

For paired stimuli the first ‘‘pip’’ indieates the onset of the CS and the seeond smaller 

‘pip’? the onset of flicker (the UCS). The last deflection of the signal line indieates turning 

both stimuli off together. This convention applies to all figures. 
The differences in diseriminative capacity among indieated in D after 400 trials. The first pair 
the modalities during the period of active seizures designates the positively conditioned somatie stimulus 
are illustrated in figure 5. In B is shown a dif- — 
ferential CR to a tone, the first stimulus indieating 
the negatively conditioned tone (200 ¢/see.) and the 
second stimulus pair, the postively conditioned tone 
(500 e/see.) reinforeed by flicker. The difference 
in response is quite clear. In C the first signal 
conditioned light and the 
second signal pair the positively conditioned light 
flicker. the 
cortical response is clear, 


1The eleetromyogram thus recorded an inerease 
in musele tension in ‘‘antieipation’’ of the flieker. 
Musele responses of this kind were seen most fre- 
quently in those animals whieh apparently were 
irritated or disturbed by photie stimulation. This 
Was evidenced by movement, restlessness, erying out, 
ete. EMG responses, by no means oeeurred in all 
animals; but when they did oeeur, were preeeded 
usually by evidence of eleetroeortieal conditioning. 
The EMQG provides additional and independent ev- 
idence that conditioning has taken plaee. 


indieates a negatively 


reinforeed by Again differenee in 
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(left leg) and the flicker reinforcement. The second 
stimulus which had never been reinforced was to 


the right leg. There was an electrocortical response 
to both positive and negative signals, and also a 
burst of muscle potentials to both. 

An extensive cortical excision was then performed 
including almost the entire left parietal lobe. Figure 
4 (M13) shows the surface extent of the removal. 

After operation the monkey had a slight hemi- 
paresis most prominent in the right leg. There was 
marked proprioceptive loss exhibited by faulty placing 
of the leg in climbing, fighting, and food-getting. 
However, withdrawal of the limbs to pin-prick was 
prompt and equal on the two sides. When the mon- 
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It is apparent that a discharging lesion of the 
left post-central cortex impaired conditioned electrical 
responses from stimuli to either right or left leg. 
After ablation of the epileptogenic zone (and much 
of the left parietal lobe), conditioned responses could 
be produced to stimuli of either side. 


M-2 Left Post-Central 


Although the animal developed seizures and an 
electrographic focus, it did not show the expected 
impairment in conditioned electrical responses to 
somatic stimuli. Conditioned responses were estab- 
lished quite rapidly to stimuli from either limb. 
The only evidence of a deficit was a low EA dif- 
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Fig. 6 
Differential conditioned response to somatic stimuli (left or right leg) in monkey following 


removal of epileptogenic lesion in the left post-central region. 


The first stimulus is the 


positively conditioned response to stimulation of the left leg reinforced by flicker; the second 
stimulus is the negatively conditioned stimulus to the right leg. 


key’s head was free to turn and he was touched 
on either leg from behind, he invariahly turned to 
look to the correct side. 

The post excision testing series revealed that 
the capacity to form conditioned alpha responses to 
touch on either leg was fully restored. It was pos- 
sible now to establish differential responses using 
either right or left leg as positive stimuli (table 
IV). Figure 6 demonstrates a differential conditioned 
response which may be compared with figure 5 D. 
The first stimulus pair indicates a somatic stimulus 
to the left leg and the usual reinforcement. The 
second signal indicates stimulation of the right leg. 
There was a clear difference in the cortical response 


to the two stimuli. 


ference with %D of 22. Evidently, though condition- 
ed connections could be formed rapidly, those involv- 
ing stimuli to the right leg were somewhat unstable. 

At the operating table the electrographic focus 
(fig. 2) proved to be small and well-localized. A 
fairly small ablation was, therefore, adequate to 
remove the focus. 

Post-operatively the monkey was noted to have 
a profound paresis of the right leg which cleared 
only slightly over the next few weeks and was still 
present to some extent at the time of final testing. 
There was no evidence of sensory loss to pin-prick 
and there were no visual difficulties. Examination 
of the brain at autopsy (fig. 4) revealed, in addition 
to the ablated region, a much larger area of in- 


farction including the entire superior half of the 
pre-central gyrus. This infarcted area was the only 
area of damage other than that expected from the 
ablation, which was found in any of the operated 
animals. 

Testing after excision (table V) showed definite 
impairment in establishing conditioned electrical re- 
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TABLE V 


the function of homologous controlateral cortex in 
contrast with the discharging lesion which impaired 
conditioning on both sides. 


M-5 Left Frontal 


Despite the fact that this monkey (3.5 kg. female) 
developed an actively discharging focus and easily 


M-2 LEFT 


POST CENTRAL EPILEPTIC 


POST EXCISION 


Simple Trial Adapt Ext 


%D Trial Adapt Ext %D 


Auditory 4 7 20 
Somatic Right 10 9 11 
Left 6 + 18 
Visual 7 5 13 


185 9 5 24 380 

22 78 4 12 200 
350 6 6 29 383 
160 9 4) 20 300 


Differential 


Auditory 24 4 19 
Somatic Right 34 9 19 
Left 

Visual 15 5 28 


375 17 4 31 675 
111 400ne 3 

24 6 28 366 
460 24 5 28 460 


sponses to stimuli of right leg (78 trials), though, 
once established, the connection was quite stable 
(%D of 200). Stimuli to left leg, however, were 
equally as effective as light and tone stimuli in 
evoking conditioning. Differentiation was not pos- 
sible using the right leg as a positive stimulus, but 


TABLE VI 


provoked seizures of adversive type, it was impossible 
to demonstrate impairment of conditioning to any 
stimulus. Following excision (fig. 4) there were no 
physical defects and seizures, both electrographic 
and clinical, ceased completely. Post excision testing 
(table VI) revealed essentially no change in capacity 


EPILEPTIC 


M-5 LEFT FRONTAL 


POST EXCISION — 


Simple Trial Adapt Ext %D Trial Adapt Ext %D 
Auditory 3 5 22 340 10 4 22 450 
Somatic 4 8 29 262 4 7 32 357 
Visual 11 3 9 200 12 5 17 240 

Differential 

Auditory 21 7 35 400 20 4 29 625 

Somatic 12 8 24 200 17 10 58 480 

Visual 29 5 20 300 35 7 26 271 


was well done when the left leg was made positive. 

This was the only animal made worse, in terms 
of conditioning, by the surgery. This was also the 
only animal in which a deficit could be attributed 
to the operation rather than the epileptogenous tis- 
sue. The deficit caused by destruction of cerebral 
tissue was limited to one side. It did not impair 


to establish conditioned electrical responses to somatie, 
visual and auditory stimuli. 


M-6 Left Amygdaloid Complex 


As noted previously, this animal (3.8 kg. female) 
developed severe spontaneous seizures and impaired 
conditioning to all modalities. The first operative 
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attempt was unsuccessful in either removing the focus 
or stopping the seizures. Accordingly no testing 
was done and the animal was reoperated two months 
later. This time a very extensive excision was under- 
taken, completely disregarding the functional result, 
and although all of the alumina gel and surrounding 
scar was removed, there was evidence still of epilepti- 
form activity remaining. Post-operatively the animal 
had a profound hemiplegia including the face and a 
complete right hemianopsia and hemihypesthesia. 
Gross and microscopic examination demonstrated com- 
plete destruction of the internal capsule as well as 
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in any case, it was the least involved initially. But 
differential conditioning was not possible through 
any sensory system. 


M-7 Left Amygdaloid Complex 


The second animal with an amygdaloid complex 
lesion (3.2 kg. male) also had severe spontaneous 
seizures. Profound deficits were present in condition- 
ing to auditory and visual stimuli though not to 
somatic ones. Operation resulted in successful removal 
of hyperactively firing tissue but produced, as in the 
last case, a hemiplegic, hemihypesthesic and hemi- 


TABLE VII 
M-6 LEFT 
AMYGDALOID EPILEPTIC POST EXCISION 
COMPLEX 
Simple Trial Adapt Ext %D Trial Adapt Ext %D 
Auditory 70 17 28 64 107 4 7 75 
Somatic 25 7 26 271 5 6 23 283 
Visual 143 6 10 66 200ne + 
Differential 
Auditory 400ne 6 400ne 9) 
Somatic 400ne 8 400ne 7 
Visual 400ne 5 400ne 3 
M-7 LEFT 
AMYGDALOID 
COMPLEX 
Auditory 57 5 9 80 os 17 142 
Somatic 7 6 18 200 5 10 29 190 
Visual 110 5 8 60 84 5 10 100 
Differential 
Auditory 420ne 15 48 7 16 128 
Somatic 24 8 16 87 18 10 33 230 
Visual 400ne 3 227 5 11 120 


the basal ganglia on the left. The entire temporal 
lobe and most of the orbital and lateral surfaces 
and operculum of frontal lobe was removed, together 
with insula, uneus, and amygdaloid-hippocampal for- 
mation. The deepest portion of the lesion also 
destroyed the anterior nuclei of the thalamus. Seizures 
and EEG disturbances continued throughout the final 
testing period. 

Table VII indicates that there was no improve- 
ment in any modality except touch. Evidently, there 
was some improvement in that modality on simple 
conditioning (despite the hemihypesthesia) although, 


anopi¢e animal. It is interesting that the hemianopsia 
in these two monkeys was much more profound than 
that in the occipital lobe ablation. There was, more- 
over, evidence of compensation for the defect. The 
animals remained in a corner of the cage with the 
right side against the wall, seemed meek and cowering 
When prodded on 
the right side the animal would turn all the way 
around to the left looking for the source of disturb- 


and remained so until saerifiee. 


anee, 
Photographs and brain sections (fig. 4) in M7 
showed that the extent of ablation was not as great 
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as in M6, nor did it extend as far posteriorly. The 
anterior portion of the internal capsule was destroyed 
but part of the posterior limb remained intact. The 
excision included most of the temporal lobe, the 
frontal operculum, uncus, insula, amygdala and hippo- 
The head of the caudate and portions of 
also damaged but the 


campus. 
the lenticular nuclei 
thalamus was intact. 


were 


In terms of conditioning, there was a great 
difference between M6 and M7. Table VII shows 
the marked improvement in capacity to form tempo- 
rary connections and in their stability once formed. 
Some impairment was still evident, however, and it 
was most pronounced in the visual system. Figure 7 
illustrates the final differential response to light. In 
A is shown that there was no response to light stim- 
ulus before conditioning, while in B is shown the 
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M-11 Normal Control, Blank Craniotomy 


Finally, one animal is presented which was first 
tested, then subjected to one blank craniotomy, tested 
again, then subjected to another blank craniotomy 
and then given a final testing. Time between 
examinations was the same as that for the epileptic 
monkeys. The animal developed no persistent EEG 
abnormality and no seizures. 

It was hoped to investigate two factors by this 
means. The first was the factor of ‘‘sophistication’’, 
that is, did repeated exposure to the testing situation 
effect conditioning results ? Also, was there a signif- 
icant retention which would result in a ‘‘saving’’ 
in trials to condition at a subsequent examination ? 

The second factor was, of course, the possible 
effect of surgery alone on conditioning. In a sense, 
this had already been excluded by the fact that in the 
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Fig. 7 
Differential response to light following removal of epileptogenic lesion in the left amygdaloid 


region, together with adjacent temporal and frontal cortex (see M-7, fig. 4). 
record showing no response to visual stimulus before conditioning. 


(A) control 
(B) conditioned response 


to positively conditioned light following by no response to negatively conditioned light. 
Note movement and muscle potential artefact in the last line associated only with the 


positive conditioned response. 


Note also that the conditioned response appears in both 


occipital regions (LP-O and RP-O) even though photic driving response to flicker is seen 


only on the right side, opposite to the excision. 


established differential CR. The first stimulus pair 
indicates the positively conditioned light (as in A) 
and the reinforcing flicker. 

The second stimulus indicates the negatively 
conditioned light. A burst of muscle potentials also 
appeared with the positive stimulus and not with the 
negative. Note that the conditioned blocking response 
appeared in both right and left occipital leads, 
whereas the photic ‘‘driving’’ or unconditioned re- 
sponse was lost or greatly diminished on the side of 
the operation. 

It seems probable that the difference in result 
in these two animals is due mainly to the fact that 
in M7 the discharging tissue was removed and in M6 
it was not. The inequalities in amount of tissue 
excised do not seem great enough to account for the 
difference. 


epileptic monkeys the impairment was not general 
but restricted to the sensory system involved by the 
lesion. 

No significant change in any of the measure- 
ments following blank surgery is seen in table VIII. 
The evidence also indicates no effect of sophistication 
by showing no definite trend or direction of change 
repeated exposure to the 
experimental situation. It should be remembered 
that after each session the conditioned response 
was extinguished and before each session any general 
cortical response to the stimulus was ‘‘adapted out’’. 
Although there was some evidence of spontaneous 
restoration of the localized blocking CR between the 
simple and differential conditioning in any given 
period, there was no such evidence between periods 
(4-5 months apart). 


in any parameter with 
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TABLE VIII 

M-11 
NORMAL 1st 2nd 
CONTROL NORMAL BLANK CRANIOTOMY BLANK CRANIOTOMY 
BLANK 
CRANIOTOMY 
Simple Trial Adapt Ext %D Trial Adapt Ext %D Trial Adapt Ext %D 
Auditory 6 5 17 240 5 7 26 271 14 5 20 300 
Somatic 5 7 22 214 5 10 21 110 9 7 19 171 
Visual 11 5 16 220 9 6 19 216 18 4 14 250 
Dif ferential 
Auditory 19 8 26 225 31 8 30 275 20 7 29 314 
Somatic 21 8 28 250 22 12 33 175 16 10 31 210 
Visual 31 6 19 216 39 6 23 283 21 6 27 350 

DISCUSSION 


These results indicate quite clearly that 
discharging lesions in cortical sensory areas 
may interfere with a function although abla- 
tion of the lesion may permit re-establishment 
of that function. Discharging lesions in 
primary cortical sensory areas effect the 
particular sensation represented and not 
other modalities. However, even a discharg- 
ing lesion may not produce this expected 
interference (the lack of definite impairment 
to somatic stimuli in animal M-2 with post- 
central placement of alumina gel). The fact 
that animal M-13 did. show impairment of 
conditioned electrical responses to somatic 
stimuli in contradistinction to M-2 might be 
because of the more extensive abnormal dis- 
charges found at electrocorticography in M-13 
or because the specific area was not involved 
in M-2. 

When abnormal discharges were present, 
animal M-13 had a deficit to somatic stimuli 
applied to either the right or the left leg, 
although the lesion was unilateral. There was 
return to normal. on both sides following 
ablation of the left parietal lobe. On the 
other hand, M-2 developed a deficit following 
the excision to conditioned electrical re- 
sponses for somatic stimuli applied only to 
the contralateral leg. Thus it appears that 
the discharging lesion, even though unilateral, 
damages the sensory apparatus bilaterally, 
whereas a deficit produced by ablation, when 


present, is confined to the representation of 
the ablated area. 

The defect produced by a destructive 
lesion differs from that produced by a dis- 
charging lesion in another way. Although 
both result in inereased trial to condition, 
the conditioned electrical responses once 
formed are labile and unstable in the pre- 
sence of an irritative focus, while they are 
quite stable in the case of loss of tissue. The 
infection of the motor cortex was possibly 
a critical factor in the residual impairment 
in M-2 because M-13 actually has a much 
larger parietal ablation than M-2. 


The fact that unilateral ablation in an- 
imals usually does not result in itself in a 
learning deficit is.in agreement with a large 
body of previous experimental work (Milner 
1954; Mishkin and Pribram 1954; Allen 1940, 
1941, and many others). Even bilateral 
ablations of sensory receiving areas may 
produce very little deficit in conditioning 
and learned discriminations (Allen 1940, 
1941, 1948; Evarts 1952c and 1952a). How- 
ever, some workers using extensive bilateral: 
extirpations of auditory cortex, including 
acoustic areas I, II, III (Tunturi 1945, 1950a, 
1950b; Hind 1953) and somatic area II 
(Meyer and Woolsey 1952) have been able 
to demonstrate impairment in conditioned 
reactions to sound (Allen 1945), loss of 
capacity for frequency discrimination (Meyer 
and Woolsey 1952) and loss of a learned 


auditory-visual association (Evarts 1952b). 
The defect in differential conditioning which 
persisted in our monkey with the incomplete 
bilateral auditory cortex ablation is consistent 
with the: minimal deficits observed in the 
above studies. 

The lack of any impairment in the monkey 
with frontal lobe disc placement, despite an 
active focus and frequent seizures, stresses 
the point that it is not epileptiform activity 
or seizures per se which is the critical factor, 
but rather the particular structures involved 
in paroxysmal discharge which determine the 
form and degree of impairment. 

Several interesting problems were raised 
by this investigation. One of them was the 
widespread impairment in conditioning ex- 
hibited by the animals with amygdaloid-hip- 
pocampal area lesions. While it is reasonable 
to suppose that when a sensory receiving 
pathway is involved in epileptiform activity 
it cannot function normally in the reception 
of stimuli, it is not easy to explain why such 
activity in a non-sensory area should result 
in difficulty in handling a sensory input. To 
the best of our knowledge no direct projection 
pathway was compromised by the cicatrix sur- 
rounding the aluminum hydroxide injection. 
The injection site was considerably anterior 
to both the auditory radiation and the tem- 
poral portion of the optic radiation. We can- 
not, of course, exclude projected effects on 
these pathways from spread of epileptiform 
activity. But since there is no direct neuronal 
path for such spread, and since abnormal dis- 
charges were never recorded from occipital 
cortex, it seems unlikely that this can explain 
the observed pattern of impairment. 


However, Milner (1954) in an extensive 
and critical review of the literature marshals 
a large body of evidence to indicate that the 
ventro-medial portions of the temporal lobe 
have a unique and completely extra-striate 
visual function. Beginning with the ‘‘ psychic 
blindness’’ seen in the temporal lobectomized 
monkeys of Kluver and Bucy (1938), many 
workers (Mishkin 1951; Riopelle and Ades 
1951; Riopelle, Alper, Strong and Ades 1953; 
Riopelle, Harlow, Settlage and Ades 1951) 
have confirmed the finding of defects in 
visual discrimination secondary to bilateral 
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temporal lobectomy in the absence of any 
demonstrable damage to striate cortex or to 
any portion of the geniculo-calearine path- 
way. Thus epileptic involvement of this ex- 
tra-striate ‘‘visual-association’’ system may 
account in part for these findings. 

A second possibility is that discharging 
lesions of the amygdaloid region interfere 
with other than the sensory receiving areas or 
adjacent temporo-parietal portions of the 
total conditioned reflex circuit. An influence 
might be exerted on the unconditioned con- 
nection, the photic response system, which 
would necessarily be reflected in impaired 
conditioning to all modalities. There is some 
evidence for this in that simple photic driving 
was poor in the amygdala animals as com- 
pared with any of the others. Or, on the 
other hand, the direction of discharge might 
be downstream into central integrative sys- 
tems (see below) which may mediate condi- 
tioned connections. Gloor (1955) has de- 
monstrated that the amygdala fires into the 
central core of subcortical grey matter ex- 
tending from the septum through the pre- 
optic region and hypothalamus down to the 
tegmentum of the midbrain and including 
some nuclei of the thalamic reticular system. 
Stimulation of the amygdala has reproduced 
the diffuse desynchronization seen with stim- 
ulation of the ascending reticular activating 
system or posterior hypothalamus (Hess 
1954; Magoun 1950; Murphy and Gellhorn 
1954). 

The amygdala, at least when it fires in a 
synchronized way (Naquet 1953) as in ep- 
ileptiform discharge, is capable of producing 
a bilaterally synchronous cortical response, 
probably via the multisynaptic neuronal pool 
in the basal diencephalon. 


The fact that the conditioned alpha 
blocking response is always bilaterally syn- 
chronous even when the photic driving 
(UCR)is abolished on one side by surgery as 
in the occipital and the amygdaloid ablations, 
is presumptive evidence that part of the 
pathway involves central ganglionic systems 
capable of co-ordinating the activity of the 
two hemispheres. It is probably in this cen- 
tral system that the epileptogenic discharge 
from the amygdaloid region interferes with 
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the normal function of this system in the 
conditioning process. 

A third hypothesis must also be con- 
sidered. Penfield (1952a) on the basis of 
stimulation studies in man has postulated 
that the amygdaloid-hippocampal region has 
a major memory recording function. Cer- 
tainly the striking loss of memory produced 
by bilateral amygdaloidectomy and _hippo- 
campal ablations in man (Milner and Pen- 
field 1955) supports his contention. The 
arrest of memory recording associated with 
temporal lobe seizures (Penfield, Jasper and 
Feindel 1952;) or with electrical stimulation 
of amygdaloid region (Feindel, Penfield and 
Jasper 1952; Feindel and Penfield 1954) 
lends further confirmation. It might be ex- 
pected that a profound impairment in me- 
mory recording would be reflected in an 
equally profound impairment in conditioning. 


In view of these studies, and since in the 
removal of the epileptogenic focus consid- 
erably more cortical tissue was ablated than 
was actually involved in the meningo-cerebral 
cicatrix, it seems evident that simple mech- 
anical or chemical destruction of cortical 
tissue could not account for the impairment 
in the epileptic animals. It must be assumed 
that it was the specifically discharging qua- 
lity of the lesion which produced this result. 
The constantly firing neurons exert a more 
far-reaching influence functionally paralyz- 
ing either the remaining viable cortical tissue 
or sub-cortical integrative systems or both. 


The marked improvement following re- 
moval of epileptogenic lesions in these animals 
provides an experimental demonstration of 
the ‘‘nociferous’’ influence of damaged cor- 
tex as postulated by Penfield (1952b) on the 
basis of clinical observation. Clearly, greater 
deterioration may result from the presence 
of abnormally functioning tissue than from 
mere absence of tissue (Hebb 1939). Resec- 
tion of the abnormally discharging zone per- 
mits more normal function of remaining 
tissue in the same or opposite hemisphere. 


SUMMARY 


The effect of chronic experimental epilep- 
togenie lesions in visual, auditory, and _ so- 
matie sensory receiving areas of the cortex 
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in the monkey upon conditioned electrical 
responses to visual and auditory and somatic 
stimuli has been studied in 7 animals as 
compared to 8 normal controls. In 2 addi- 
tional animals the same conditioning tests 
were given before and after implantation of 
alumina gel into the amygdaloid region on 
one side. : 

A marked impairment in conditioning was 
produced, limited in the first group of 
animals to the use of the sensory system in 
which was located the epileptogenic lesion. A 
more general impairment in conditioning 
ability was produced by discharging lesion 
in the amygdaloid region. 

Excision of the discharging lesions, when 
complete, produced marked improvement in 
conditioning ability, to normal or nearly nor- 
mal levels. A control epileptogenic lesion in 
the frontal cortex of one animal produced no 
effect on conditioning, and the ‘‘blank’’ 
operate control also showed no change in 
conditioning ability throughout the same 
experimental series. 

It is concluded that a discharging lesion 
causes marked impairment of a given sensory 
system to function normally in a specific 
conditioning process which involves establish- 
ing temporary connections with another part 
of the brain. Ablation of the same sensory 
area on one side may have no such effect. 
Discharging lesions of the amygdaloid region 
have a most important disturbing effect upon 
the establishing of conditioned reflexes to 
both auditory and visual stimuli. This may 
be related to the temporary loss in memory 
recording (amnesia) which is characteristic 
of patients with epileptic seizures arising in 
the amygdaloid-hippocampal portion of the 
temporal region. 
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The possibility that not only spontaneous 
but also some electrically and chemically 
evoked cortical potentials can be abolished 
during electrocortical arousal has already been 
pointed out by a number of investigators. 
Disappearance of recruiting potentials has 
been observed by Moruzzi and Magoun (1949) 
and later confirmed by other investigators 
(Jasper, Naquet and King 1955), and it has 
been reported that local strychnine waves can 
be blocked during sensory (Gozzano 1935, 
1936 ; Kornmiiller 1937 ; Lairy-Bounes, Parma 
and Zanchetti 1952) and reticular (Arduini 
and Lairy-Bounes 1952; Whitlock, Arduini 
and Moruzzi 1953) arousal. 


However, the spontaneous and therefore 
not controllable nature of spindle bursts and 
the uniform configuration of recruiting poten- 
tials are such as not to allow a detailed study 
of the effect of arousal upon latency and 
configuration of cortical waves. It appeared 
to us that such an investigation might be car- 
ried out using the augmenting potentials 
elicited by low frequency stimulation of the 
specific projection nuclei of the thalamus 
(Dempsey and Morison 1942). The gradual 
development from the primary specific re- 
sponse to the fully augmented wave, together 
with the eventual appearance of additional 
positive and negative deflections, and their 
later merging of fading away, seemed ideal for 
our experimental purposes. The recent report 
by Brookhart and Zanchetti (1955) that 
augmenting responses resemble spindle waves 
more closely than recruiting potentials, at 
least in so far as pyramidal responsiveness is 


1 Aided by grants from the Consiglio Nazionale 
delle Ricerche and the Rockefeller Foundation. 

2 Fellow of the Canadian Government. Visiting 
investigator from Université de Montréal. 
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concerned, added further interest to the 
problem whether augmenting waves could be 
affected by electrocortical arousal. 


METHODS 


The experiments were carried out on 23 
cats, prepared with the ‘‘encéphale isolé’’ 
technique, or immobilized with Flaxedil 3, 
and maintained on artificial respiration at 
17 strokes per minute. In order to induce a 
labile state of cortical synchronization a slight 
amount of chloralose (3 to 5 mg./kg.) was 
administered intravenously. 

The specific thalamic nuclei projecting to 
sensori-motor cortex (ventralis postero-lat- 
eralis, ventralis postero-medialis and ventralis 
lateralis) were stereotactically stimulated 
through bipolar concentric electrodes, either 
with single rectangular pulses or with a short 
train of low frequency (8 to 10/sec.) stim- 
uli. In some experiments peripheral sensory 
stimulation was carried out by applying single 
shocks to the median nerve or by pinpricking 
a forepaw. Electrocortical arousal by sensory 
stimulation was mainly evoked by blowing 
room air into the animal’s nostrils. The retic- 
ular formation was bipolarly stimulated at. 
bulbopontine levels with 300/sec., 1 msec., 2-3 
V. rectangular pulses. Thalamic and reticular 
stimulations were effected with two Tektro- 
nix Type 161, 162 stimulators, the outputs of 
which were connected to the animal through 
a transformer or an isolation unit. 

In order to keep the cerebral cortex as 
much as possible in physiological conditions, 
its potentials were led through screw elec- 
trodes placed over frontal, parietal and oc- 
cipital areas, except for the anterior and 


3 Flaxedil (Sincurarina®) was generously sup- 
plied by Farmitalia, Milano. 
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posterior sigmoid gyri, which were routinely 
exposed on one side for dural recording. This 
was done through ball-tipped Ag-AgCl elec- 
trodes mounted on a universal joint to provide 
maximum exploration of sensory and motor 
cortices ipsilateral to the thalamic nucleus 
stimulated. The electrocortical activity was 
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stimulated thalamic points were later iden- 
tified either by a small electrolytic lesion 
(3 mA for 30 sec.) or by fixation of the elec- 
trode in situ. The diencephalon was then 
embedded in paraffin and _ serial sections 
stained alternately by the Weil and Nissl 
methods. 


Fig. 1 
Comparison between the effect of arousal upon thalamically and peripherally 


evoked primary responses. 


CRO unipolar recordings from the left posterior sigmoid gyrus. 


A. 3B. 6: 


single shocks (1 msec., 6 V.) to left n. ventralis posterolateralis, 


before (A), during (B) and following (C) electrocortieal arousal induced 
by retieular stimulation at pontile levels. 


D, E, F: 


and following similar 


(F) 


single pinprick stimuli to right forepaw before (D), during (E) 
reticular 


stimulation. See no. influenee of 


arousal on thalamieally evoked potentials and strong effeet on the peri- 


pherally evoked responses. 
Calibrations: 200 vV., 25 msee. 


displayed both on an 8-channel ink-writing 
EEG (Galileo) and on a double beam cathode 
ray oscillograph (DuMont Type 279). Both 
EEG and CRO recordings were unipolar, the 
indifferent electrode leadine from the edge 
of the sealp. 

At the end of the experiment the animal's 
head was perfused with formalin, and the 


RESULTS 


Cortical responses to single shock and re- 
petitive stimulation of a specific projection 
thalamic nucleus. As first deseribed by Demp- 
sey and Morison (1942), single shoek stimula- 
tion of a specifie projeetion thalamie nucleus 
evokes in the corresponding cortical area a 
small positive deflection followed by a neg- 
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ative wave, quite similar to the response 
elicited by stimulating a peripheral nerve or 
a receptor area (‘‘primary response’’) (fig. 
1 A, D). When, instead, a train of low fre- 
quency (8 to 10/sec.) repetitive stimuli is 
delivered to the same thalamic nucleus, only 
the first pulse is followed by a primary re- 
sponse, while the following shocks evoke posi- 
tive and negative components of longer 
latency, which, although absent on the first 
stimulus, grow in size on successive stimula- 
tions (‘‘augmenting responses’’). Unlike the 
recruiting potentials, the localization of these 
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animal. Neither the positive nor the negative 
deflections are affected during electrocortical 
arousal. 

Effect of electrocortical arousal wpon 
augmenting responses. Repetitive stimulation 
applied to the same thalamic nuclei shows that 
the augmenting responses differ from the 
primary potentials in being strongly affected 
by electrocortical arousal. As was pointed out 
above, the primary potential following the 
first shock of the train is not influenced, 
whereas the augmenting responses evoked by 
the successive stimuli are strongly decreased 


AA (A MMoaa Sronesnynen vy HAs 
yb le, yrretotrndse all AMA ys 
AD DSA AI el taltontareetln poor 


WLI 


Aw Myr waren rn arr NON Jae “arated NN 
Fig. 2 

Effect of reticularly induced arousal upon augmenting responses. 

EEG unipolar records from left anterior sigmoid gyrus, left posterior 
sigmoid gyrus, left parietal and left occipital areas, right frontal, right 
parietal and right occipital areas. 8/sec., 1 msec., 5 V. stimuli to left 
n. ventralis lateralis, A: before, B: during and C: following pontine 
reticular arousal. 

Augmenting responses are strictly localized’ to the ipsilateral sigmoid gyri 


and are strikingly decreased during arousal. 


Calibrations: 500 yV., 1 see. 


responses is restricted to the cortical areas of 
projection of the thalamic nucleus stimulated 
(fig. 2 A,C;4A,C). 

Effect of electrocortical arousal upon thal- 
amically evoked primary responses. As shown 
in fig. 1 A, B, C, single shocks of threshold 
intensity delivered to the nucleus ventralis 
postero-lateralis evoke on the ipsilateral poste- 
rior sigmoid gyrus primary responses, which 
are not influenced by a reticular stimulation 
strong enough to disrupt completely the slow 
cortical rhythm of the drowsy or sleeping 


or even blocked (fig. 2 B; 3 B, D; 4 B, D). 
Actually during cortical arousal repetitive 
thalamic stimulation yields only a series of 
primary responses, which do not show any 
degree of augmentation or do not grow over 
the amplitude of the second response of the 
train (fig. 3 A, B; 4 A, B). This effect is 
always more evident using thalamic stimula- 
tions of threshold intensity, but is often 
equally present when the voltage of the thal- 
amic pulses is definitely raised (fig. 3 C, D). 
However, in a number of experiments in 
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creasing the strength of thalamic stimulation 
gradually reduced and finally overcame the 
blocking action of arousal upon the augment- 
ing waves (fig. 4 C, D). 

A higher speed analysis seemed worthwhile 
for a more detailed study of the effect of 
arousal upon the configuration of the aug- 
menting responses. As shown in figure 5, the 
transition from primary to augmenting re- 
sponses consists in the early development of 
a large positivity followed by a small neg- 
ativity and eventually by a second positive 
deflection. With successive shocks a late neg- 
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second negativity progressively growing with 
successive stimuli, tends to merge with the 
first negative deflection, to give a common 
negative potential. In this instance, arousal 
may reveal the composite nature of this 
potential, abolishing the second and only 
decreasing the first negativity. 

Comparison between the effect of arousal 
upon thalamically and peripherally evoked 
primary responses. Unlike the responses 
evoked by single shock stimulation of a spe- 
cific projection thalamic nucleus, the primary 
responses induced in the sensori-motor area 
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Fig. 3 


Abolition of augmenting responses during cortical arousal. 
CRO unipolar recordings from left anterior sigmoid gyrus. Same experiment 


as in figure 2. 


A: 8/sec., 1 msec., 4 V. (threshold) stimuli (dots) applied to the left 


n. ventralis lateralis; 


B: same as A, during reticularly evoked arousal; 
C: 8/sec., 1 msec., 8 V. stimulation of the same thalamic nucleus; 
D: same as C, during reticularly evoked arousal. 


Calibrations: 500 yV., 100 msec. 


ativity appears, growing progressively in size. 
It can be demonstrated that the late negativity 
is the most susceptible component, whereas 
positivity and the first negativity are in some 
degree more resistant to the blocking effect 
of arousal. During cortical desynchroniza- 
tion, the late negative deflection is easily 
wiped out, whereas the positivity and the first 
negativity may still be present, the effect of 
arousal upon them consisting only in reducing 
their size and delaying their appearance (e.g. 
after the fifth and not after the third shock 
of the train). In normal conditions, the 


either by single shock excitation of a contra- 
lateral peripheral nerve (median nerve) or 
by mechanical stimulation of a receptor area 
(pin-pricks to the contralateral forepaw) are 
strongly reduced during reticular arousal 
(fig. 1 D, E, F). They can be even com- 
pletely blocked, at least during the first 
stages of reticular stimulation. These results 
confirm previous observation of Bremer 
(1954), showing that sensory and reticular 
arousal can decrease cortical responses to 
clicks recorded on the auditory area. The dif- 
ferent results described by Jasper (1949) 


AROUSAL AND AUGMENTING RESPONSES 


might be attributed either to barbiturate 
anesthesia or to the fact that arousal was 
induced by stimulation of the diffuse projec- 
tion thalamic nuclei. 


DISCUSSION 


Like spindle waves, recruitment potentials 
and strychnine waves, augmenting responses 
also appear to be blocked or reduced by cor- 
tical arousal. Their complex configuration 
has provided us with a useful tool for demon- 
strating that the action of arousal is not 
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That the large augmenting waves be in- 
fluenced by electrocortical arousal was not 
a surprising result. If arousal really consists 
in a diffuse desynchronization of cortical 
cells, it is conceivable that any phenomenon of 
cortical synchrony will be evoked with dif- 
ficulty during such a condition. However, 
also the thalamically induced primary re- 
sponse is related with the synchronous activ- 
ity of a large neuronal population, and yet it 
is definitely not influenced by the aroused 
state. To explain this discrepancy, it may be 
lh 
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Fig. 4 
Decrease of the blocking effect of arousal on the augmenting potentials 
by increasing the strength of thalamic stimulation. 
CRO unipolar recordings from left posterior sigmoid gyrus (first beam) and 


right frontal area (second beam of each record). 


in figure 1. 
A: 8/sec., 1 msec., 
posterolateralis ; 


a fi 


(threshold) 


Same experiment as 


stimuli of the left n. ventralis 


B: same as A, during reticularly evoked arousal, does not induce clear-cut 


augmenting potentials; 


C: 8/sece., 1 msec., 10 V. stimulation of the same thalamic nucleus; 


D: same as C, during reticularly evoked arousal, 


yields augmenting re- 


sponses only slightly reduced in size. 
See also that augmenting potentials are strictly localized to the ipsilateral 


frontal area. 
Calibrations: 


equally effective upon all types of cortical 
synchronous waves. Indeed, the most strik- 
ing feature in our experimental results seems 
to be the different susceptibility of primary 
and augmenting responses to electrocortical 
arousal. A single thalamic stimulus still yields 
a normal response, whereas with low fre- 
quency repetitive stimuli the development of 
the augmenting responses appears definitely 
altered. The configuration of the potentials is 
strongly affected, the late components being 
by far the most susceptible. 


500 ywV. (first beam), 200 wV. (second beam), 100 msec. 


suggested that a single shock applied to a 
specific projection nucleus of the thalamus 
yields the synchronous discharges of the cor- 
tical neurons that are responsible for the pri- 
mary response, whereas other cortical units 
are only brought into the subliminal fringe. 
Successive thalamic stimuli would thus grad- 
ually excite a larger and larger number of 
cortical neurons, as the central excitatory 
state builds up through temporal summation. 
The newly recruited units would be more 
easily disorganized by the cortical arousal 
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than those which were driven by the first 
thalamo-cortical volley. Hence the selective 
blockade of the augmenting responses would 
be easily explained. 

The suggested hypothesis rests on the 
simple, and may be oversimplified, assumption 


Fig. 5 


Effect of cortical arousal upon configuration of 
augmenting responses. 

CRO recordings (redrawn) from left anterior sig- 
moid gyrus. 

First column: successive cortical responses to a train 
of 8 stimuli (8/sec., 1 msec., 4 V.) to the ipsilateral 
n. ventralis lateralis; 

Second column: cortical responses to same stimuli 
during cortical arousal: the large late negativity can- 
not be induced any longer; 

Third column: again normal responses after the end 
of cortical arousal. 
Calibrations: 500 wV., 10 msec. 
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that the difference between primary and 
augmenting potentials is only a quantitative 
one. That primary response and the various 
components of the augmenting potentials 
might result from entirely different cortical 
mechanisms, a hypothesis which would also 
account for the selective influence of arousal, . 
has been considered but cannot obviously be 
answered at present. It might prove eventual- 
ly that different cortical structures will show 
eraded susceptibility to arousal. However 
this may be, it must be remembered that the 
augmenting components most susceptible to 
the effects of arousal are also the most easily 
decreased during fatigue or waxing and 
waning of the responses. 


The fact that peripherally evoked primary 
responses are influenced by cortical arousal, 
while corresponding thalamically evoked po- 
tentials are not affected, seems worthy of 
some comment. It might be that a thalamic 
shock represents a much stronger and more 
synchronized stimulus for the cerebral cortex 
than a peripheral one. However, the observa- 
tion that a peripheral stimulation can evoke a 
much larger cortical response than a thalamic 
one (see fig. 1, A, D) would not appear to 
support this possibility, although it does not 
exclude it. A more probable explanation is 
that the stronger susceptibility of peripherally 
evoked responses depends on the larger num- 
ber of synaptic relays concerned. There is 
indeed an increasing evidence that reticular 
stimulation and arousal have blocking action 
on the subcortical relay stations of the sensory 
pathways (Hagbarth and Kerr 1954; Her- 
nandez-Peén and Hagbarth 1955; Hernandez- 
Peon and Sherrer 1955 a, b). 


SUMMARY 


1. The primary responses evoked in the 
sensori-motor cortex by single shock stimula- 
tion of n. ventralis posterolateralis, n. ven- 
tralis posteromedialis and n. ventralis lateralis 
of thalamus are not affected by electrocortical 
arousal, induced either by sensory or reticular 
stimulation. 

2. The augmenting responses, induced by 
low frequency repetitive stimulation of the 
same thalamic nuclei, are strongly reduced 
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during cortical arousal. The late components 
of the augmenting potential show a greater 
susceptibility. 

3. Unlike the primary responses evoked by 
thalamic stimulation, similar potentials elic- 
ited by peripheral excitation are definitely 
decreased during cortical arousal. 
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INTRODUCTION 


The hippocampus was formerly a favorite 
organ for study by neuroanatomists as the 
classical observations of Golgi, Cajal, Elliot 
Smith and Herrick and many others attest. 
Its significance in the phylogenetic develop- 
ment of the cerebral hemisphere was demon- 
strated by Elliot Smith (1910). Although 
conceived to be part of the rhinencephalon by 
Cajal (1911) and thereby relegated by im- 
plication to a purely olfactory role, Herrick 
(1933) and others saw in this ancient part of 
the forebrain a region in which somatic and 
visceral impulses might be correlated. 

Papez (1937) proposed that the hippo- 
campus played an important role in emotion. 
This hypothesis has been the source of much 
investigation and hypothesis (Maclean 1949, 
1952) but cannot be said to be substantiated 
at the present time. While Spiegel et al. 
(1940) found rage reactions after fornicoc- 
tomy, Rothfield and Harman (1954) observed 
lowered rage thresholds after removal of the 
hippocampus. Brodal (1947) has recently 
reviewed the role of the hippocampus as an 
olfactory center. More direct evidence (Kaada 
1951; Green and Shimamoto 1953; Liberson 
and Akert 1955; Andy and Akert 1955) im- 
plicates the hippocampus as involved in types 
of seizure discharges and epileptiform phe- 
nomena. It exhibits complex neuronal re- 
sponses to virtually all modalities of afferent 
stimulation (Green and Arduini 1954; Green 
and Machne 1955). 

Cajal (1911) concluded that afferent 
fibers enter the hippocampus from four direc- 
tions: from the entorhinal area of Brodmann, 


1 Aided by a grant from the United States 
Public Health Service, Number B-485. 


from the cingulate region via fibers of the 
cingulum bundle, from the adjacent supra. 
eallosal striae and from the contralateral hip- 
pocampus. He believed that hippocampal ef- 
ferent fibers arose from the pyramidal cells, 
entered the fimbria and then either passed 
into the opposite hippocampus via the hippo- 
campal commissure or into the fornix system 
to be conveyed to the septum, hypothalamus, 
anterior thalamus and more caudal parts of 
the brain stem. 

While this classical concept has been sub- 
stantiated by the studies of Lorente de N6 
(1934), Adey and Meyer (1952a, b), Simpson 
(1952), Sprague and Meyer (1950), Daitz and 
Powell (1954, 1955), Powell and Cowan 
(1954) and others, anatomice! investigations 
by Gerebtzoff (1941-42), Sprague and Meyer 
(1950) and Morin (1950) have suggested 
that afferent as well as efferent fibers may 
be conveyed through the fornix. Lorente de 
No found fibers in the fimbria which were 
afferent to the hippocampus. Certain other 
anatomical pathways have been postulated 
and these will be taken up later. 


As part of a program of study of the 
functional role of the rhinencephalon, the 
present paper deals with electrophysiological 
evidence for hippocampal afferent and ef- 
ferent connections. It also presents data on 
excitability and connections within the hip- 
pocampal system itself. 


METHODS 


Experiments were carried out on 65 eats. 
Ether anesthesia was used for all painful 
procedures and, after the operative sites and 
pressure points were anesthetized with pro- 
caine, general anesthesia was discontinued. 
Immobilization was obtained either with d- 
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tubocurarine or by making midbrain lesions 
with the electrocautery so as to produce the 
pyramidal cat preparation of Moruzzi. Stand- 
ard oscilloscopiec and electroencephalographic 
techniques were employed. Electrodes were 
mounted in a _ Horsley-Clarke stereotaxic 
machine and coaxial electrodes were generally 
employed for recording. Bipolar electrodes 
within a bare grounded metal tube or fine 
coaxial electrodes were used for stimulation. 
Polar separation ranged from 0.2 to 1.0 mm. 
Electrode placements were checked _histol- 
ogically. Where dissection of the brain was 
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gently sucked out until a small island of 
hippocampus was exposed above the surface. 
Drugs were then applied to the exposed area 
either on a small piece of filter paper or a 
small pledget of: cotton. Spread to adjacent 
structures was effectively prevented by this 
method. 


RESULTS 


1. Hippocampal responses to somatic sensory, 
auditory and visual stimulation. 
(a) Somatic sensory responses. Potentials 
evoked in the hippocampus and somatic sen- 


Fig. 1 


Curarized preparation. Somatic sensory and auditory responses in the 
hippocampus compared with responses in appropriate cortical receiving 


areas. 


1. Two successive sweeps separated by 15 see. of response to electrical 
stimulation of the foot. Record C, sensory cortex (SI), record H, hippo- 


campus close to dorsal surface. 


2. Similar to 1, but close’ to ventral aspect. No responses were recorded 


from intervening tissue. 


3. Responses to click stimulation, as above. 


C, auditory cortex. 


H, ventral hippocampus. 


4, First pair, responses to auditory stimulation, ventral hippocampus 
(H), auditory cortex (C); second pair, responses to cutaneous stimulation, 


hippocampus (H), SI (C). 


carried out, coagulation of the pia and cortex 
with silver nitrate was used to avoid hemor- 
rhage (Morin and Green 1953). In _ these 
latter experiments the hippocampus was ex- 
posed directly, and recordings were made 
before and after severing systematically all its 
neuronal connections. The area under study 
was kept immersed in mineral oil and, for 
local drug application, the mineral oil was 


sory cortex following single shock cutaneous 
stimuli were compared. Responses were evoked 
in the hippocampus with an initial deflection 
lasting 20-25 msee. These usually failed to 
follow stimuli repeated more frequently than 
about once every 10 or 15 see. Smaller after- 
potentials, highly variable in form, followed 
the initial deflection. These later deflections 
were themselves often superimposed on a 


large slow deflection lasting several hundred 
milliseconds. 


Comparison of the latencies of the re- 
sponses in the hippocampus and sensory cor- 
tex (fig. 1, tracings 1 and 2) showed that the 
latency in the hippocampal response was 15- 
20 msec. longer than at the cerebral cortex, 
although, as will be pointed out below, this 
does not appear to be the universal temporal 
relationship for all sensory modalities. 

(b) Auditory responses. Stimulation with 
single clicks evoked large potentials in both 
dorsal and ventral areas of the hippocampus. 
The time course of the initial deflection was 
longer than from sciatic nerve stimulation 
(30-50 msec.) and repeated stimulation tended 
to evoke trains of large irregular waves with 
a period of 50-100 msec. lasting several 
seconds after each stimulus. In some instances 
the latency of the hippocampal response was 
clearly shorter than that at the auditory 
cortex (fig. 1, tracings 3 and 4). 


(c) Visual responses. These were sought 
in only three experiments. Both primary re- 
sponses and slow waves were seen, as reported 
elsewhere (Green and Arduini 1954). 


2. Activity evoked within the hippocampal 
system. 


The term, hippocampal system, is used 
here to include the hippocampus and adjacent 
entorhinal cortex, fornix, mammillary body 
and mammillothalamie tract. Stimulation at 
any point within this system evokes a re- 
sponse in all other parts. An attempt has 
been made, therefore (1) to characterize the 
responses themselves, (2) to determine their 
origin by excluding hypothetical pathways 
and (3) to try to analyze them by breaking 
them down into various components which 
can be separately modified. 


Responses in the dorsal hippocampal area 
are highly complex in the intact animal, and 
the background activity is high. When the 
hippocampus was exposed and a monopolar 
electrode placed on the alveus (fig. 2), stim- 
ulation of the fimbria evoked a double wave 
complex: (1) a short latency, biphasic re- 
sponse with latency of 2-3 msec. and first 
negative, then positive in sign, and (2) a 
larger biphasic response with latency of 8-10 
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Fig. 2 


1. Stimulation of dorsal hippocampus. Upper 
trace, response in basolateral amygdaloid nucleus. 
Lower trace, response in pyriform cortex. 

2. Stimulation of dorsal hippocampus. Response 
in lateral amygdaloid nucleus. 

3. Stimulation of fornix. Monopolar response 
recorded with active electrode on surface of exposed 
alveus. Indifferent electrode temporal muscle. Neg- 
ative is indicated upward. 

4. Stimulation of fornix. Coaxial recording elec- 
trode inserted directly into exposed surface of hippo- 
campus. Note that the first biphasic response 
(‘‘fiber’’) shows no potentiation to succeeding stim- 
ulus while the second (‘‘cellular’’) is greatly poten- 
tiated. 

5. Repetitive stimulation of fornix (20/sec.). 
Monopolar record from surface of hippocampus as in 
3. Note progressive potentiation of ‘‘cellular’’ 
potential. 

In the'cases of records 3 and 5 the hippocampus 
has been exposed on one side, the commissure and 
fornix (anterior pillar) cut, the amygdala, entorhinal, 
limbie and all overlying cortex removed. Stimulation 
applied about 2 mm. behind the cut in the fornix. 


msec. and an interval of 14-18 msec. to the 
first peak which was also negative. The second 
complex was followed by slow components 
difficult to describe accurately since they 
were much more variable and apparently 
depended on the degree to which overlying 
cortex had been removed. When coaxial elec- 
trodes are inserted into the hippocampus, the 
responses obtained by stimulation of the fim- 
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bria are much more complex (fig. 3). The 
initial short latency component is often dif- 
ficult to observe unless the electrode tip is 
close to the surface. Within the substance of 
the hippocampus the later response is well 
seen. The turnover points for the various 


components are seen in figure 3. It may be 


noted that they do not occur at the same 
levels, and that the point of turnover for the 
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an arbitrary ‘‘chronaxie’’ figure was adopted 
as an index of excitability rather than the 
figure for voltage threshold. This proved 
helpful in distinguishing between excitation 
of these structures and adjacent regions. To 
obtain the ‘‘chronaxie’’ the area studied was 
excited with 5 msec. pulses, the stimulator set 
to twice the threshold for 5 msec. pulses and 
the minimum duration of pulse to excite then 
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Fig. 3 


Stimulation of the fornix. Responses obtained by a coaxial electrode 
inserted into the dorsal hippocampus at successive depths from the dorsal 
(1) to the ventral surface (9) in steps of 0.5 mm. The shock artifact is 
indicated by the small arrows since it is very short (0.025 msec.). Note 
that the initial deflection is downwards up to’ the last level where the 
turnover is observed. On the other hand, the second complex shows .a 
turnover between 5 and 6, and again between 7 and 8. 


short latency complex is deeper than that for 
the longer latency complex. 

A characteristic of potentials evoked from 
the hippocampus, fimbria, fornix and mam- 
millothalamic tract is their very low threshold. 
The results suggest that large medullated 
fibers are being excited, and this concept is 
strengthened when strength-duration curves 
are plotted (fig. 7). So susceptible are these 
structures to stimulation by short pulses that 


determined. Values as low as obtainable with 
the Grass stimulator (0.01 msec.) were often 
seen, and figure 4 shows the results of a 
few experiments of this type in which sub- 
cortical structures were stimulated, and re- 
cords taken from the hippocampus. These 
results were much more constant from one 
animal to the next than voltage thresholds 
providing the precaution was taken of using 
the same electrodes with the same D.C. re- 
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sistance. The very short pulses excited both 
the wave-complexes, but were incapable of 
exciting the slow after-potentials. Since other 
structures were not excited by very short 
pulses, the procedure was adopted of using 
these to delimit the projections of the various 
areas studied. However, the slow after- 
potentials required longer pulses and have 
received less attention. 

When the hippocampus is stimulated, and 
the recording electrode is in the fimbria or 
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fornix, a somewhat similar wave complex is 
observed (fig. 5). Since the potentials have 
not been studied with manopolar electrodes, 
and the responses are highly complex, these 
results are more difficult to interpret. They 
may well be complicated by other adjacent 
regions (stria, anterior thalamus) which 
might also be expected to respond. 
Stimulation in the vicinity of the mam- 
millary body with a coaxial recording elec- 
trode in the hippocampus evokes two types of 
responses. If the stimulating electrode is 
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rostrally placed and close to the ventral 
fornix a complex with short latency com- 
ponents is seen. If, on the other hand, the 
stimulating electrode is more caudally located, 
then the threshold is considerably higher, and 
the latency is much longer (10-20 msec., fig. 
5). Stimulation at this point also evokes 
potentials in the mammillothalamie tract and 
stimulation of the latter produces potentials 
in the hippocampus and mammillary body. 
Both fast and slow complexes can be recorded 
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Fig. 4 

‘“Chronaxie’’ values and ‘‘excitability’’ of subcortical structures in 
evoking hippocampal responses. The points indicated are the points stim- 
ulated. Responses in the ipsilateral hippocampus are shown at the right 
of each figure, and contralateral on the left. The symbols indicate the type 
of response seen. The figures are in milliseconds. 


by these means. The latencies are comparable 
in each ease. 

The responses obtained in the hippo- 
campus by stimulation of the fimbria are 
very large. To decide whether the evoked 
potentials seen in the hippocampus were 
originating within the hippocampal forma- 
tion itself or reaching it via some circuitous 
route, direct dissection of the hippocampus 
was carried out. The hippocampus was ex- 
posed, the fimbria or fornix stimulated under 
direct vision and recordings from the hip- 
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pocampal surface made. The following struc- 
tures were then cut or removed: (1) the for- 
nix, (2) the hippocampal commissure, (3) 
the entorhinal cortex, (4) the amygdala and 
pyriform cortex. Thus after all these pro- 
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Fig. 5 
A-E Stimulation of dorsal hippocampus. 

A. Upper trace recording electrode in region of 
psalterium, lower in anterior pillar of fornix. 

B, C and D. Records at successive intervals of 
one minute, the anterior electrode passing through the 
septum (Horsley-Clarke coordinates A 15 Rl H + 
4 1 3 +42) just rostral to the anterior pillar of 
the fornix. The lower electrode is 2 mm. caudal and 
passes through the same levels. B and C are close 
to the stria medullaris, just below the fornix. D 
is in the anterior thalamus. Except possibly for the 
lower trace of D, these may all be interpreted as 
examples of responses by volume conduction from 
the fornix. 

E. Recording electrodes in the caudal aspect of 
the mammillary body. Upper trace close to midline, 
lower 1-44 mm. laterally. 

F. Stimulating caudal mammillary body (same 
point as upper trace of E) and recording in the 
dorsal hippocampus. 
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cedures the hippocampus was virtually isolat- 
ed except for its blood supply which reaches 
it from below. The responses from stimulation 
of the fimbria were unchanged even after this 
most extensive procedure and showed the 
same complexes and latencies as before (fig. 
2). Furthermore, they were, as far as could. 
be ascertained, almost identical with responses 
obtained by stimulation of the intact ventral 
fornix at a considerable distance from the 
hippocampus. 

Finally, using similar preparations, the 
attempt was made to modify selectively the 
various components of the hippocampal re- 
sponse. When the animal was made anoxemic 
by discontinuing artificial respiration for 
periods up to 90 sec., the sequence of events 
illustrated in figure 6 was seen. It may be 
noted that the slower waves are the first 
affected, and that the change is not a simple 
depression, but seems rather to represent the 
gradual differential disappearance of various 
components of the slow wave. Somewhat 
similar changes were seen when Nembutal was 
applied locally to the hippocampus (fig. 6). 
Application of strychnine in the same man- 
ner potentiated the hippocampal response. 
This effect was first seen about 10-15 min. 
after application and gradually increased 
until obvious strychnine spikes appeared. 
These could then be abolished by application 
of Nembutal to the same area. 


Stimulation of the fimbria with two shocks 
somewhat above threshold at various intervals 
revealed the following effects: (1) When the 
shocks were close together a potentiation of 
the evoked second wave complex occurred 
with a maximum at 4 msec. (fig. 7). The first 
complex was unchanged. (2) When the re- 
sponses could be distinguished as two separate 
effects the second response was potentiated 
by the first stimulus up to an interval of 
300 msec., with a gradual return to the 
original amplitude of the second response at 
this interval (fig. 7). A short high frequency 
burst of stimuli would potentiate responses 
evoked at 1/sec. for a few seconds up to a 
few minutes depending on the duration of the 
burst (fig. 8). (4) Using bursts of various 
frequencies the peak-to-peak amplitude of the 
second wave complex showed no increment 
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at 3/sec., a gradual inerease at 6/sec. and 
successively more rapid potentiation up to 
about 30/see. (figs. 7 and 8). This potentia- 
tion at the frequencies of 10-30/sec. was not 
maintained and a more or less steady state 
was reached after about 8-10 stimuli. At fre- 
quencies over 30/sec., while potentiation was 
rapid, the ‘‘fall off’’ was still more rapid and 
these could not be studied very effectively 
since the rate of stimulation was such that a 
second pulse arrived before the effects of the 
first pulse were over. Nevertheless, it was 
evident that the hippocampus would ‘‘follow’’ 
quite rapid rates of stimulation although the 
degree of following seemed to depend on the 
general condition of the animal and tissues. 

It may be noted that in none of these 
experiments was the first complex affected 
except by much longer application of Nem- 
butal or more prolonged anoxemia. Thus it 
may be inferred that the first complex re- 
presents fiber potentials and the second 
synaptic activity within the hippocampus. If 
this is true then a study of latencies indicates 


Fig. 6 

Stimulation of fimbria. Recording from hippo- 
campus isolated from other areas of the brain by dis- 
section. In these records the placement of the coaxial 
electrode and the slow sweep mask the first response 
(which was not affected). The first response is 
seen at the same site with a faster sweep as a notch 
in 18 and as clear deflection in 19 after the electrode 
was inserted to a deeper level. 

1. Control. 

2. Twenty-five min. after local application of 
Nembutal to the recording site. 

3. Ten min. after removal of Nembutal. 

4, Twenty-five min. after removal. 

5. One hour and 20 min. after removal. 

6. Control record. 

7. Fifteen min. after local application of strych- 
nine to recording site. 

8. Thirty min, after application of strychnine. 

9. Control record. 

10. Thirty see. after stopping artificial respira- 
tion. 

11. Sixty see. after stopping artificial respira- 
tion (pump started). 

12-17. Stages in recovery from anoxemia. The 
decline is evident at 5 min. (14). Recovery is com- 
plete in 10 min. (17). 

18. Faster sweep (as in 9) to show presynaptic 
potential as a notch on initial deflection. 

19. Same area, electrode a little deeper, pre- 
synaptic potential appears as a monophasic spike. 
The presynaptic potential was not affected by strych- 
nine or anoxemia and Nembutal only affected it 
terminally. 
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that the rate of conduction in the fibers of 
the fornix or mammillothalamic tract is of 
the order of 6 meters/sec. It must be admitted, 
however, that this is a rather long conduction 
time in view of the other characteristics of 
the system. 

Figure 8 shows that a burst of stimuli 
evokes a much longer potentiation than a 
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single shock. Thus one shock was found to 
potentiate for 200-300 msec., 9 shocks at 
10/see. for two seconds and 26 shocks at 
10/see. for 8 sec. Prolonged bursts would 
sometimes potentiate for several minutes. 
A number of observations were made on 
the occurrence of seizure discharges in the 
isolated hippocampus. As observed by Liber- 
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Excitability of hippocampus. In the first graph the peak-to-peak height of the 


‘‘cellular’’ response is plotted against the size of the initial response. Points are averages 
of 5 readings. In the second graph the potentiation of a second response by an earlier one 
is seen over the interval 15-300 msec. (average figures as above). The third graph is an 
example of a strength/duration curve for the fornix taking the hippocampal response as an 
index of excitation. It may be seen that at the short ‘‘chronaxie’’ figure of 0.075 msec. 
the threshold voltage was 2.25 V. (Grass stimulator and isolation unit. Coaxial stimulating 
electrode.) The last figure shows a family of curves in which the peak-to-peak height of 
successive responses is plotted against their position in the series for frequencies from 
3-30/sec. Note the increasing rate of potentiation and the overshoot at faster frequencies 
with a tendency to plateau at about 200 ,V. 

All records obtained from ‘‘isolated’’ hippocampus except the strength/duration curve. 
This was not found to change significantly by isolation, however. 
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son (1945) the number of pulses applied 
seems more important than the duration of 
repetitive stimulation. Figure 9 shows the 
development of such a seizure discharge 
evoked by stimulation at 10/sec. At the top 
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followed by the successive building up of 
various components in the wave complex. 
During the phase of 10/see. stimulation no 
autonomous seizure activity occurs (though 
further stimulation at this frequency can 


Fig. 8 


The first 2 traces are sequential. 
which is potentiated By 10/sec. 
thereafter when stimulation reverts to 1/sece. 


Stimulating at 1/sec. a small response is seen 
stimulation and remains potentiated for several seconds 


The succeeding traces indicate the increasing rate of potentiation with increasing 


rates of stimulation. Time line — 60/see. 


records. 


of the record potentials evoked at 1/sec. are 
seen. This is well outside the limits of re- 
petitive potentiation since the potentiating 
effects of a single pulse are over in 200-300 
msec. When stimulation is changed to 10/sec. 
an initial potentiation of the response is seen 


square wave at 50 yuV. Isolated hippocampus 


evoke spontaneous activity), but when stim- 


ulation is returned to 1/sec. autonomous 
activity occurs. This suggests the possibility 
that the 10/sec. stimulus may act as a pace- 
maker and that during this phase short dura- 
tion inhibitory effects of some kind may have 
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prevented spontaneous discharge. On _ the 
other hand the level of excitability is clearly 
raised for, after the seizure, responses to 
1/see. stimulation are much larger (though 
partially inverted). An independently pro- 
duced excitatory effect capable of inducing 
rhythmic changes is apparent, therefore. 
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indicate, then in order to elicit a synaptic 
potential by means of an antidromic volley 
it would be necessary to postulate that col- 
laterals from the excited axons could excite 


other hippocampal cells. Thus, as an example, 
the excitation of the axon of a hippocampal 
pyramidal cell might lead to an antidromic 
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Fig. 9 


Stimulation of fimbria. 
stimulation is changed to 10/see. 
various components of the ‘‘cellular’’ 
same. At the end of trace 4, 1/see. 


A potential evoked in the hippocampus by 
stimulation of the fornix must arise from anti- 
dromie or orthodromic conduction. If the 
potentials seen there may be considered to re- 
present in part neuronal volleys and in part 
synaptic potentials, as the evidence seems to 


Record from isolated hippocampus. 
In the sequential traces (2, 
response is seen. 
stimulation is resumed. 
activity now occurs independent of the frequency of stimulation. 


In first trace 1/see. 
3, 4) selective build-up of 
The ‘‘fiber’’ response remains the 
High amplitude seizure-like 
Time line 60/sec. 100 pV. 


response which could pass into an axonal 
collateral and thereby excite another pyram- 
idal cell which would in turn discharge into 
its own axon and so forth. In the hippo- 
campus the concept of antidromic activation 
via the collaterals might be attractive in 


explaining its peculiar excitability. It would 
have some anatomical basis, for each pyram- 
idal cell is arranged so that its axon is 
polarized towards the alveus and, just before 
the axon enters the alveus a group of fine 
collaterals, the collaterals of the stratum 
oriens, arises. These short collaterals ramify 
densely just below the alveus and doubtless 
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Schema to illustrate a possible mode of entrance of afferents from 
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indicated that most of the impulses reached 
some deep part of the hippocampal formation 
before relaying in the pyramids, rather than 
being antidromically propagated in the alveus. 
Golgi preparations were made to check this 
possibility, and our attention was attracted to 
two small tracts of fibers, illustrated schem- 
atically in figure 10. These seem to be the 
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the fornix and fimbria. The dotted path corresponds roughly to the infra- 
pyramidal bundle of Lorente de N6 or to the afferents which he described 
passing from the fimbria to the dentate gyrus (and also to the hippocampal 
pyramids). The dendate pyramids (granule cells) would relay these 
impulses to the cells of the hippocampal pyramids (Schaeffer, Déjerine) 
the axons of which would then pass into- the fimbria once more. The col- 
laterals of the stratum oriens are indicated, but not the more scanty 
recurrent Schaeffer collaterals (found only in area CA3 according to 
Lorente de N6). The cells in the hilus of the dentate (area CA4) are 
believed to be associational since they appear to pass between adjacent 
pyramidal cells of the dentate gyrus, rather than mere offshoots of the 
hippocampal pyramids as proposed by Rose. 

The insert shows a schema of the experiment designed to test the 
possibility of afferent or antidromic conduction through the alveus. 
Recording at A, stimulation at B. Cut at C (more tangential than shown). 
Area destroyed with silver nitrate indicated in black on either side of A. 
Arrows show proposed route of conduction in both figures. 


play some role in modifying the general excit- 
ability of the pyramidal cells. 

As our electrodes penetrated the hippo- 
campus from above they penetrated the 
alveus first, then the layer of collaterals, the 
hippocampal pyramids etc., finally emerging 
in the reverse order. Since it was found that 
the ‘‘turnover’’ for the short latency effect 
occurred at a deeper level than that for the 
later complex (fig. 3) it was felt that this 


suprapyramidal and infrapyramidal bundles 
of Lorente de N6 (1934). Fibers described 
by Cajal (1911) and others apparently pass 
from the fimbria towards the dentate gyrus. 
Other fibers shown in the figure apparently 
pass from the hilus of the dentate gyrus into 
the zona lacunaris of the hippocampal pyr- 
amids. The latter are the axons of the pyr- 
amids or granule cells of the dentate gyrus. 
They were described by Déjerine (1895) as 
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an association path, connecting the granule 
cells of the dentate gyrus with the pyramidal 
cells of Ammon’s horn.! The pathway enter- 
ing from the fimbria passes into the hilus of 
the dentate gyrus to one side of these fibers 
and is possibly the infrapyramidal bundle, 
though we could not distinguish it from the 
group of afferents entering from the fimbria 
described by Lorente de N6. We could not 
be certain of the exact termination of these 
fibers, but it seemed likely that it was in 
relation to the dentate pyramids. A pathway 
may be postulated, thus, from the fimbria to 
relay on the dentate pyramids, the axons of 
the dentate pyramids then passing to the pyr- 
amids of the hippocampal cells to relay a 
second time and then once more, into the 
fimbria. It is possible that some afferents 
pass directly to the pyramidal cells. Other 
afferents to the dentate gyrus were described 
by Lorente de N6 arising from the temporo- 
ammonie tracts rather than the fimbria. It 
was considered that if some such ventral 
pathway as the one postulated were involved 
it would be possible to discriminate between 
it and the alternative of an antidromic volley 
passing caudally to excite hippocampal neu- 
rons through the collaterals of the stratum 
oriens. To try to do this the dorsal hippo- 
campus was exposed and the fimbria stim- 
ulated. The typical response was seen. The 
alveus was then sectioned to a depth of about 
0.5 mm. (or slightly less) along the edge of 
the fimbria (see fig. 10, insert). In this way 
it was hoped that all the emerging axons of 
the hippocampal pyramids would be severed. 
The response could still be evoked at a very 
slightly higher threshold. To be more certain 
that the axons within the dorsal alveus were 
cut, the surface was painted with a silver 
nitrate crystal so that records were taken from 
a small island of hippocampus left in the 
center of a circle of damaged tissue. This also 
responded as before. Next the cut was deepen- 
ed to about one millimeter. Afterwards the 
‘‘synaptie’’ potential was somewhat reduced, 
but the ‘‘fiber’’ potential was unchanged. 


1 Les cylindres-axes représentent un systéme par- 
ticulier de fibres d’association intra-corticale, desti- 
nées 4 mettre en rapport les cellules ovoides de la cir- 
convolution godronée avee les cellules pyramidales 
géantes de la région godronnée de la corne d’Am- 


mon. p. 730. 
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Then, to verify that all the axons had been 
destroyed, the ‘‘island’’ was stimulated and 
records taken from the fornix. No evoked 
potentials whatever could be recorded even 
when the stimulator was set to maximum out- 
put. It is not intended to imply that anti- 
dromic volleys may not under some circum- 
stances evoke synaptic potentials, but the col- 
laterals of the stratum oriens do not seem to 
play a role in the case of the hippocampus. 
Other collaterals, the Schaeffer collaterals, 
have a longer and recurrent path. They are 
therefore more difficult to exclude. However, 
according to Lorente de Né6 they arise only 
in the limited area CA3 and for this reason 
are not likely to produce general effects. Our 
anatomical studies can only be regarded as 
preliminary, however, and further investiga- 
tions are in progress. 


It might be expected that if the collaterals 
played an important role, the stimulation of 
a restricted group of pyramids would lead to 
a wave of excitation with greatly increasing 
latency and temporal dispersion as the elec- 
trode was moved away from the site of stim- 
ulation. If the fibers in the fornix happened 
to be distributed in random fashion, such an 
effect would be difficult to elicit from stim- 
ulation of the fornix itself, but it was con- 
sidered that by separating the fimbria from 
the hippocampus and cutting the commissure 
it might be possible to elicit local stimulation 
at the surface of the hippocampus. When this 
was tried, the temporal dispersion observed 
was minimal even though the threshold of 
excitability was low (about one volt at 0.3 
msec.). Excitation could readily be pro- 
pagated in either direction in the hippo- 
campus, however, and both the ‘‘fiber’’ and 
‘“synaptic’’ type responses could be seen. 


3. Cortical and brain stem. 


Projections to the hippocampus. Responses 
of the hippocampus to single shock stimula- 
tion of subcortical structures are illustrated 
on the left side of the charts in figure 11. 
Two types of effects were noted: (1) wave 
responses of relatively short latency and (2) 
slow responses of much longer latency and 
variability. The former have received the 
most attention, and the maps shown (fig. 4 
and 11) are incomplete for the latter which 


have a much wider distribution. The distribu- 
tion of excitable points is very widespread 
and, in view of the large potentials generated 
in the hippocampal system itself, must be 
accepted with some reservations. Certain 
areas, however, are clearly delimited: (1) an 
area extending through the ventral tegmen- 
tum and lateral hypothalamus (this les 
close to the red nucleus and substantia nigra 
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Fig. 11 


Schema of areas apparently receiving impulses 
from or distributing impulses to hippocampus. On 
the left (vertical bars) areas the stimulation of which 
evoked hippocampal responses (always bilateral). On 
the right (dark grey, cross-hatched) areas excited 
by hippocampal stimulation bilaterally. Light grey 
(stipple) indicates ipsilateral responses seen in the 
amygdala. 


and overlaps into the zona incerta and fields 
of Forel), (2) an area in the external and 
internal medullary laminae, (3) areas asso- 
ciated with the hippocampal projections; the 
fornix, mammillothalamic tracts, mammillary 
body, hippocampus itself, (4) the cingulum. 
Short latency responses in the hippocampus 
may be elicited by stimulation in any of these 
regions, and the responses are usually bilat- 
eral. The precise latencies observed depend 
on the position of the recording electrode in 
the hippocampus as well as the area stim- 
ulated. Shorter latency responses were gen- 
erally obtained when the recording electrode 
had one pole close to the alveus. Certain 
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other areas consistently evoked short latency 
responses. These included the N. ventralis 
anterior, N. anteromedialis, N. centre médian 
and N. medialis dorsalis thalami. While these 
lie close to the mammillothalamic tract, and it 
is difficult to exclude the possibility of stim- 
ulus spread to it, the responses appeared to 
differ in latency and wave shape from those 
obtained by direct stimulation of the mammil- 
lothalamic tract. Responses of a similar nature 
were noted in the area of the medial forebrain 
bundle. In the septum short latency re- 
sponses were obtained as well as slower 
potentials. These may have been due to spread 
to the fornix. Slow responses were evoked 
especially by stimulation of the preoptic area, 
but also from many areas in the hypothalamus 
and thalamus. 


Stimulation of the amygdala did not, in 
general, evoke short latency responses in the 
hippocampus. Our findings are in general 
agreement with those of Gloor (1955) in this 
respect. In one case short latency ipsilateral 
responses were seen when stimulating the 
medial part of the accessory basal nucleus. 
Examples of brain stem projections to the 
hippocampus are seen in figures 3, 5, 12. 


4. Projections from the hippocampus. 


Stimulation of the hippocampus evokes 
large responses in the fornix, mammillary 
body, mammillothalamic tract and anterior 
thalamus (figs. 4 and 11). In addition, re- 
sponses in the N. medialis dorsalis thalami, 
throughout the lateral hypothalamus and on 
into the ventral tegmentum have been ob- 
served. These projections from the hippo- 
campus follow the classical pathways much 
more closely than do the projections into the 
hippocampus. Special attention may be 
drawn, however, to the projections from the 
hippocampus to the ipsilateral amygdala (fig. 
2, tracings 1 and 2). Short latency responses 
were seen throughout the amygdala in the 
central, basolateral and corticomedial areas, 
and longer latency effects were observed from 
adjacent structures. Responses with short 
latency were seen in the cingulate gyrus. They 
differ from recruiting responses evoked in 
the same area by stimulation of the anterior 
thalamus. Such responses have a_ longer 
latency, do not follow as well, potentiate 
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better at lower frequencies and do not inter- 
act with the responses evoked from the hippo- 
campus. 

Evoked potentials were also obtained in 
the ventral tegmentum in the area between 
the red nucleus and substantia nigra, but 
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more delayed wave complexes: Since the 
response which follows stimulation of the 
fornix is more constant in size after the hippo- 
campus has been directly exposed and the 
entorhinal cortex removed, it may be sug- 
gested that the entorhinal cortex and temporo- 


Fig. 12 
1. Stimulation of rostro-dorsal part of septum (A 15 Rl H +- 5, 


recording in hippocampus). 


2. Stimulation of centre médian. Recording in hippocampus. 
3. Stimulation of contralateral hippocampus recording from entorhinal 


cortex. 


4. Stimulation of anterior commissure in ventral septal area. 


(Close 


to anterior pillar of fornix. Recording in hippocampus. ) 


5. Stimulation of lateralis 


posterior 


recording in hippocampus. 


(Anterior dorsal region close to fornix above, more caudally close to 
psalterium below. Note different latencies.) 
6. Recording as in 5, stimulating contralateral hippocampus (note 


different latencies). 


7. Stimulating contralateral hippocampus. 


Reeord with coaxial elee- 


trode tip in stria terminalis, just below fornix. 


they were not followed further caudally in 
the brain stem. Examples are seen in figures 
2,5 and 12. 

DISCUSSION 


1. Afferent responses in the hippocampus. 
The responses evoked by stimulation of 
the fornix have characteristics which strongly 
suggest that a pre-synaptic potential is fol- 
lowed by a synaptic or cellular response and 


ammonie tracts modify the general level of 
excitability within the hippocampus. Cajal 
(1911), Lorente de N6 (1934) and Adey and 
Meyer (1952a, b) deseribed connections from 
the entorhinal cortex to the hippocampus, and 
Cajal (1911) also indicated possible connec- 
tions in the other direction, seemingly con- 
firmed by us. 

In econtradistinction to responses ev. 4d 
from the fornix, the hippocampal respon: 5. 
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elicited by auditory, tactile and visual stimuli 
are not capable of following beyond very low 
repetition rates (one in 10-15 sec.) and are 
readily blocked by extraneous stimuli. This 
might be explained by assuming a way-station 
where blockage occurred, on the basis of the 
background activity of the hippocampus it- 
self, or because some other pathway was 
involved. 

Green and Arduini (1954) visualized a 
pathway from the midbrain  tegmentum, 
through the lateral hypothalamus, septum, 
pre-commissural and dorsal fornices con- 
veying afferents to the hippocampus. Her- 
nandez-Peén, Gunn and Eliasson (1955) also 
observed afferent responses in the septum. 
Green and Arduini abolished hippocampal 
‘‘arousal’’ by lesions in the pre-commissural 
fornix in the septum or dorsal fornix, but not 
by destruction of the mammillary body. 

In support of the hypothesis of caudally 
conducting afferents in the fornix the ana- 
tomical work of Gerebtzoff (1941-42), Spra- 
gue and Meyer (1950) and Morin (1950) may 
be cited. The fornix did not degenerate com- 
pletely months after removal of the hippo- 
campus in Bard and Rioch’s (1937) exper- 
iments. Johnston (1923) noted a possible 
connection from the stria-medullaris to the 
hippocampus via the fornix. On the other 
hand, recent observations by Carreras et al. 
(1955a, b) suggest that the temporo-ammonic 
tracts and entorhinal cortex may play a 
more direct role in hippocampal ‘‘arousal’’. 
Although Green and Arduini saw this phe- 
nomenon after almost complete decortication 
it is not possible to say that the entorhinal 
cortex was destroyed in toto. Nevertheless 
Ricci and Sutin (1955, personal communica- 
tion) and Adey, Merrillees and Sunderland 
(1955, personal communication) have been 
able to see the characteristic hippocampal 
‘‘arousal’’ pattern even after complete re- 
moval of the entorhinal cortex, providing time 
was allowed for recovery from cerebral shock. 

While stimulation in the brain stem has 
produced much less consistent responses than 
stimulation of the fornix, responses follow 
stimulation of a variety of areas. These may 
be distinguished from responses due to stim- 
ulation of the fornix by their excitability 
characteristies. 
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Stimulation of the cingulum bundle evokes 
short latency responses in the hippocampus 
which are more easily obtained by stimulation 
of the bundle than of the gray matter of the 
gyrus cinguli. These are of interest in con- 
nection with the Papez (1937) theory. Since 
stimulation of the caudal part of the mam- 
millary body evokes only long latency re- 
sponses while stimulation of the mammillo- 
thalamic tract or rostral mammillary body 
produces short latency evoked potentials, it is 
possible that there are fibers within the mam- 
millothalamie tract which may pass rather 
directly to the hippocampus. LeGros Clark 
and Boggon (1933) have previously suggested 
that fibers pass in both directions between 
the anterior thalamus and mammillary body. 

No precise significance can be attributed 
to the potentials evoked in the hippocampus 
by stimulation of the amygdala. Possibly 
these could explain the spread of seizure dis- 
charge from amygdala to hippocampus ob- 
served by Arana et al. (1955). Gloor (1955) 
has recently reported similar responses. We 
are in agreement with Gloor concerning the 
rather large long-lasting pulses or repetitive 
stimulation necessary to evoke them. It is 
difficult to interpret responses with these 
characteristics except, possibly, on the basis 
of some complex system as proposed by Gloor. 

A possible route for the entry of afferent 
fibers from the fornix, which is in good gen- 
eral accord with known anatomical facts, has 
been indicated in the text. 


Besides the pre- and _ post-commissural 
fornices and the temporo-ammonic tracts, the 
other possibilities for hippocampal efferents 
would seem to be (a) rostral connections via 
the temporal pole between the area of the 
amygdala and pyriform cortex and the hippo- 
campus and (b) the fibrae perforantes corpus 
eallosi which conceivably could be involved in 
conveying short latency responses to and from 
the cingulate region to the hippocampus. The 
connections in the area of the temporal pole 
are not well understood. They do not seem 
to convey olfactory afferents (Fox, McKinley 
and Magoun 1944) but could conceivably 
carry afferents from the amygdala or ad- 
jacent structures into the hippocampus. These 
connections were described by Cajal (1911) 
and have been more recently discussed by 
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LeGros Clark and Meyer (1947) and Brodal 
(1947). 


2. Efferents from the hippocampus. 


Responses have been seen in the fornix, 
mammillary body, anterior thalamus, cingu- 
lum, ete. Unilateral short latency projections 
to the amygdala were a rather unexpected 
finding. They indicate a possible pathway 
for spread of seizure activity into the tem- 
poral pole (Green and Shimamoto 1953). On 
the other hand the efferent connections which 
apparently pass into the entorhinal cortex 
might equally well be involved. Perhaps the 
connections with the amygdala play some 
role in modifying the many and variable activ- 
ities reported for this area (Gloor 1955). 
That they play some role in endocrine regula- 
tion has previously been suggested by one 
of us (Green 1955). There seems to be 
growing evidence that the amygdala is con- 
cerned in some way with regulating sex drive 
(Kliiver and Bucy 1939; Gastaut 1952; 
Schreiner and Kling 1958, 1954; Green and 
Clemente 1955). While no similar effects were 
observed following hippocampal lesions, 
changes in behavior occurred of a type sug- 
gesting emotional defects. Possibly the hip- 
pocampus plays some role in correlating 
emotional and visceral or endocrine activity. 


Connections with the brain stem, both 
afferent and efferent are more difficult to 
assess. Their distribution appears to overlap 
the reticular activating system, but does not 
seem to coincide precisely with it. Possibly 
they may play some role in association with 
extrapyramidal motor pathways. Efferents 
to the entorhinal area have already been dis- 
eussed. Connections with the stria have 
seemed very likely, but are hard to dif- 


1 Recently Powell and Cowan (1955) found 
extensive degeneration of the fimbria and alveus 
caudal to section of the fimbria. They interpret this 
as mainly retrograde, but possibly also orthograde, 
jJegeneration. In connection with our own studies 
it may be noted that somatic and auditory afferents 
in the alveus seem quite likely, though the main af- 
ferent path seems to be more deeply situated, 
possibly in the ventral alveus. If the degeneration 
reported by Powell and Cowan is in fact retrograde 
the apparent lack of chromatolysis in the hippo- 
eampal pyramids after section of the fornix is dif- 
ficult to explain. Nevertheless, the fimbria is a 


highly complex bundle (Lorente de N6 1934) and at 
present judgment must be reserved on these points. 
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ferentiate, since evoked potentials in this area 
tend to be masked by potentials from the 
fornix or hippocampus. Short latency re- 
sponses in the cingulate gyrus have been ob- 
served with initial components having a 
latency of 3-4 msec. suggesting that besides 
possible connections via the entorhinal cortex, 
other more direct pathways, possibly the 
fibrae perforantes, may be concerned. 


3. Intrahippocampal connections and 
hippocampal excitability. 


The question of orthodromic versus anti- 
dromiec conduction of volleys has been dis- 
cussed in the text. While the evidence seems 
to point against short relay axonal collaterals 
between pyramidal cells inducing synaptic 
discharge back into the fimbria, there are 
many technical problems connected with the 
more general problem of other types of col- 
lateral. Nevertheless, the evidence seems to 
favor afferent conduction to the hippocampus 
in the fornix proper as well as in the pre- 
commissural fornix. 


Campbell and Sutin (1954) using fine 
monopolar electrodes found no evidence of 
antidromic invasion of the pyramidal layer 
when threshold stimuli were applied to the 
fornix. This seems to favor the concept that 
the fibers evoking the synsptic iesponses 
enter the deeper part of the hippocampus. 


The latency and characteristics of the 
responses seem to indicate that the number 
of synapses must be small. If antidromic 
activation were capable of inducing wide- 
spread responses in the hippocampus, local 
discrete stimulation with low voltages might 
be expected to produce responses with con- 
siderable temporal dispersion and with mark- 
ed latency differences between one part of 
the hippocampus and another. This does not 
seem to be the case. Section of the alveus 
does not seem to interfere with the responses. 


The properties of the hippocampal system 
when stimulated repetitively indicate that the 
potentiation produced by single shocks or vol- 
leys are cumulative. A slow decay of excit- 
ability, seemingly exponential in form, fol- 
lows each single shock, and the period of 
increased excitability increases with the num- 
ber of pulses in the conditioning volley. The 
fact that repetitive stimuli can apparently act 


as a kind of pacemaker suggests that follow- 
ing each response a refractory period occurs 
during which spontaneous activity fails to 
appear, but that as the train is gradually 
lengthened a point is reached when the level 
of excitability or post-tetanic potentiation be- 
comes high enough to overcome the pacemaker 
effect. This may have some possible general 
significance in the origin of seizure dis- 
charges, for it has been noted in seizure 
discharges in the cingulum also. 

The physiological role of the hippocampus 
remains obscure. It seems likely that it plays 
a rather complex role analogous, perhaps, to 
other cortical areas. Preliminary attempts to 
find interaction between the hippocampus 
and other systems have given only equivocal 
or negative results. 

According to Andy and Akert (1955), 
seizure discharges induced in the hippocampus 
by electrical stimulation produce subtle 
changes in behavior (staring, arrest of activ- 
ity, apparent bewilderment, looking around). 
Their description agrees well with observa- 
tions made by Green and Clemente (1955) 
on animals with electrolytic lesions of the 
dorsal or ventral hippocampus. Clonic facial 
movements, salivation, chewing and behavior 
resembling fear were seen also. While the 
animal follows hand movements with its eyes 
or by turning its head early in the fit, at 
a later stage it ceases to do so and seems 
to lose contact with its environment. 

Hunter (1950), Kaada and Jasper (1952) 
and Segundo et al. (1955) found cataleptic 
behavior and sleepiness associated with hippo- 
campal stimulation, suggesting a possible role 
in sleep, perhaps via impulses reaching the 
posterior hypothalamus through the fornix. 
On the other hand, Allen (1948) found no 
clear behavioral changes following section of 
the fornix. 

Whatever its true role may be, the func- 
tion of the hippocampus is clearly a complex 
one. If the amygdala represents the basal 
ganglia of the visceral system, perhaps the 
hippocampus corresponds to its cerebral cor- 
tex. 

SUMMARY 

1. An electrophysiological study of the 
afferent and efferent pathways of the hippo- 
campus has been made. 
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2. The excitability of the hippocampus has 
been studied before and after isolation from 
the rest of the brain. 

3. Evidence for afferent projections to 
the hippocampus through the fornix has been 
adduced. 

4. Evidence that the dentate gyrus may 
present an intermediary relay station is 
advanced. 

5. Evidence is presented for connections 
between the hippocampus and various cortical 
and subcortical areas, including limbic cortex, 
amygdala, diencephalic areas and the mid- 
brain tegmentum. 


.6. The physiological role of the hippo- 
campus and its significance in seizure dis- 
charge are discussed. 


We would like to express our thanks to the many 
people whose help has made this paper possible, in 
particular Prof. H. W. Magoun, Prof. S. Sunderland, 
Prof. B. Gernandt, Dr. J. Sutin, Mr. D. Maxwell, 
Mrs. Irene Freyer, Miss Cora Rucker, Miss Shirley 
Cyr and Mr. Charles Bridgman. 
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ELECTROENCEPHALOGRAPHIC RHYTHMS FROM THE DEPTHS 
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This report is a continuation of the electro- 
graphic studies dealing with the frontal lobe 
reported earlier in this journal (Sem-Jacob- 
sen et al. 1955). It represents efforts to 
establish base lines for recording from the 
depths of the brain. Since norms have not as 
yet been established for depth electrography, 
it is difficult to interpret and _ evaluate 
tracings in the individual case. 


MATERIAL 


The present report deals with the findings 
in 94 patients studied by means of 3,616 intra- 
cerebral contacts at the Rochester (Minne- 
sota) State Hospital. The distribution of the 
contacts is indicated in figure 1. 
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Anatomie location of 3,616 intracerebral contacts in 
94 patients. 
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Some of the salient facts regarding these 
patients are summarized in the table (see 
p. 270). As indicated, 68 of the patients had 


1 Read at the meeting of the American Electro- 
encephalographie Society, Chicago, Illinois, June 10 
to 12, 1955. 

This investigation, which was conducted at the 
Rochester State Hospital, was supported by research 
grants to that hospital from the Minnesota Depart- 
ment of Public Welfare and the National Institute 
for Neurologic Diseases and Blindness. 
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normal preliminary electroencephalograms re- 
corded from the scalp. 

It should be emphasized that depth electro- 
graphy has been carried out only in con- 
nection with proposed operations on the brain. 
The results of such recordings frequently have 
made it possible to limit substantially the final 
surgical operation. 


TECHNIQUE 


The technique was described in an earlier 
communication (Dodge et al. 1954). Lately, 
however, we have found it of great value to 
build in additional time constants on 2 chan- 
nels in the recording machine. This new time 
constant is 0.01 and it filters out 100 per 
cent of frequencies that are less than 2 per 
second. It filters out 92 per cent of fre- 
quencies at a rate of 5, 70 per cent at 10, 50 
per cent at 15, 40 per cent at 20, 25 per cent 
at 25, 10 per cent at 30, 4 per cent at 40 and 
none at frequencies of 45 or more. 

The electrodes also have been improved in 
the past year. The number of recording points 
has been increased at the same time that the 
over-all diameter of the strand of leads has 
been decreased by the use of finer wires. At 
present, 46-gauge leads (37.5 microns in dia- 
meter) are utilized. 

Recently, it was possible to examine min- 
utely sections obtained at necropsy from the 
brain of a person who had been studied 
previously by means of depth electrography 
and who died 19 months later of an unrelated 
illness (Dodge et al. 1955). Changes were not 
demonstrable macroscopically and the changes 
revealed by microscopic examination were 
minimal. This case is important since there 
was no macroscopic and only extremely slight 
microscopic evidence of damage to cerebral 
tissues caused by this procedure. 
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RESULTS 


The findings in the present study will be 
described in two parts. The first part deals 
with waves consistently appearing in response 
to general sensory, motor, auditory or visual 
stimulation or related activity. The second 
part deals with activity commonly recorded 
from the ventromedial part of the frontal 
lobe, portions of the temporal and parietal 
lobes and the region of the hypothalamus. 

Changes in the nature of the records from 
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ization, especially when the recording is non- 
specific, as seen in figure 2. It has become 
possible to a steadily increasing degree to 
localize the electrodes from the tracings. 

Part I. In depth recordings from the 
posterior part of the frontal lobe and from 
the parietal and occipital lobes, we have per- 
sistently found regions with characteristic 
electric rhythms in response to or related to 
general sensory, motor, auditory or visual 


activation. 
A. patie 
4 
\ 
J2 


RELAXED 


SWALLOWING 


CLICK CLICK , CLICKS 


]=5Ou.V. 


2k . : EYES CLOSED a LOOKING AROUND 
SEC, J=100uLv. 


Fig. 2 
The response to activation may facilitate localization of the contacts, especially when the 


recording is nonspecific. 


these zones during acute episodes of agitation 
or hallucivations or both also will be demon- 
strated. 

We (Sem-Jacobsen et al. 1955) previously 
have described characteristic rhythms from 
several regions of the brain. These findings 
have been further substantiated and addi- 
tional patterns have been found for other 
regions. 

Response to activation may facilitate local- 


Changes have been observed during gen- 
eral somatic sensory stimulation in the ante- 
rior superior region of the parietal lobe 
(fig. 3a). Responses to touch and pain 
are illustrated in figure 3a, channel 6. 
Rhythmic spindles of 15 to 20 ¢/sec. appeared 
in response to touch. When a painful stim- 
ulus, such as a pin prick, was applied to the 
same part of the skin, there was a great 
decrease in voltage and an increase in fre- 
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Fig. 3 
a. Depth recordings from the frontal and parietal lobes, with the focal response to pain 


and touch. 
b. Depth recordings from the motor cortex and underlying white matter, with 25 c/sec. 


waves at rest and waves of 50 ¢/sec. or more with activity. 
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. Bilateral auditory response. Channel 5, marked AS, is the same as channel 3 but an extra- 
short time constant is used. 

This illustrates the changes in the bilateral response to unilateral and bilateral auditory 
stimulation. 


quency up to 30 c/see. The stimuli were ap- 
plied to the skin on the dorsum of the right 
hand at the base of the third finger. 
Characteristic electric patterns were re- 
corded from a region possessing the func- 
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ologic studies. The usual appearance of the 
tracings from this region is seen in figure 
3b. When the patient was relaxed, activity 
of 25 e/see. medium to high voltage dominated 
the record. Activation produced an increase 
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Fig. 5 
a. Oscillographie tracings of auditory response to click. 
b. Superimposition of 20 oscillographie tracings, showing wave form and 
latency of the auditory response from different regions of the brain. 


tional features of the so-called rolandic motor 
cortex (Penfield and Jasper 1954) and from 
the underlying white matter. The assumption 
that the electrodes were located in these re- 
gions was further supported by roentgen- 


in frequency up to 50 ¢/see. or more, with 
a decrease in voltage. The voltage of the 
spindles increased during drowsiness and light 


sleep. A more complex change, with the ap- 


pearance of slow waves, occurred during deep 
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sleep. Activity of 9 to 12 c/sec. was elicited 
nearby during strong muscular activity. 
Responses to auditory stimulation were ob- 
tained from electrodes in the posterior sylvian 
region and underlying white matter. The 
sound used was a single click produced by a 
Grass 8-4 stimulator. The output of the stim- 
ulator was a square wave of 15 V. with a 
duration of 0.1 to 0.15 msec. A bilateral Telex 
Manaset headphone, similar to that used by 
secretaries in transcribing from dictation, was 
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Auditory driving was observed in re- 
sponse to the clicks with a rate of repetition 
of up to 100 clicks per sec. (fig. 5a). How- 
ever, progressive decrease in the voltage of 
the response was noted as the frequency of 
clicks increased. At 200 clicks per sec., the 
amplitude of the response was approximately 
the same as the noise level of the amplifiers. 
It might be possible to record responses to 
higher frequencies with use of better am- 
plifiers. 


ANESTHESIA STOPPED 
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Fig. 6 
Changes in auditory response of patient under Thiopental anesthesia. Note gradual shortening 


of the response as the anesthesia deepens. 


placed in the patient’s ears. The distance 
from the speaker mechanism to the ear in this 
headphone was about 30 cm. 

A bilateral response is illustrated in figure 
4a. The use of the afore-mentioned extra- 
short time constant facilitated better observa- 
tion of the response. When the clicks were 
applied to one ear only, a decrease of about 
50 per cent in the voltage of the response 
occurred bilaterally, as seen in the lower part 
of figure 4b. 


A latency of 10 to 100 msec. in the auditory 
response to click has been observed. Figure 
db illustrates that the delay in auditory re- 
sponse to click varies in different regions of 
the brain. These results are in agreement 
with the more elaborate work done on 4’animals 
by Lilly and Cherry (1954). The response to 
a train of clicks of high frequency was obtain- 
ed only when the period of latency was 
extremely short (fig. 4a). 

Figures 4a and 5a also illustrate that 


response to individual clicks of higher fre- 
quencies can be superimposed on the large 
slow waves resulting from the onset’ of the 
train of clicks. A similar wave appeared when 
the stimulus was terminated, but superim- 
posed activity was absent. 

The effect of anesthesia produced by thio- 
pental sodium also was studied. The complete 
response to a train of clicks decreased as the 
depth of the anesthesia increased (fig. 6). 
Karly in the induction stage of anesthesia, an 
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of clicks as well. Furthermore, consideration 
should be given to the duration and frequency 
of the stimulus used. 

Depth recordings from the occipital lobe 
demonstrated a variety of rhythms related to 
visual activity. The best known of these 
rhythms are the alpha waves. From record- 
ings from the scalp, one might expect that the 
alpha rhythms would dominate completely 
the entire recording from the occipital lobe. 
As seen in figure 7, such rhythms were en- 
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Fig. 7 
Depth recordings from the occipital lobe. Compare the voltage of the alpha activity with that 


of the other activity. 


increase occurred in the voltage of the re- 
sponse to the first clicks. ‘The voltage of the 
response then remained unchanged until the 
anesthesia was deep, although the duration 
of the response was gradually shortened. 
Under extremely deep anesthesia, no response 
was elicited. 

These observations illustrate the impor- 
tance of studying the auditory response not 
only to single clicks, as was done by Mickle 
and Ades (1953) and by others, but to trains 


countered over a large region but it should be 
noted that the alpha activity in the bipolar 
recording appeared persistently with a pro- 
nounced maximum of voltage from layers 
about 1.5 to 2.5 em. below the dura. The 
voltage of the alpha activity decreased rapidly 
in contacts farther away. 

Figure 7 also illustrates the inhibition of 
alpha waves during reading and the appear- 
ance of spindles when the book the patient 
was reading was taken away. Similar spindles 
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CLINICAL DATA AND SCALP EEG 
FINDINGS IN 94 PSYCHOTIC PATIENTS 
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Patients Sealp EEG findings * 
Age, 
Diagnosis yr. Total Male Female Normal Pysrhythmia, grade + 
1 2 3 
Schizophrenia 19-61 70 16 54 57 4 5 1 
Schizo-affective 
psychosis 49-51 2 1 1 2 = — — 
Involutional 
psychosis 52-72 4 — 4 2 2 — — 
Manic-depressive 
psychosis 51 1 — 1 1 a= — _ 
Epilepsy 29-39 4 1 3 o — _— 4 
Mental deficiency 16-36 4 1 3 1 1 1 1 
Huntington’s chorea 25-37 4 1 3 3 1 — — 
Subdural hematoma 44-51 2 2 — — 1 1 — 
Undetermined organic 
psychosis 24-55 2 1 1 1 a 1 — 
Arteriosclerosis 68 1 1 a 1 — — _— 
Total 94 24 70 68 9 8 6 


* No EEG in three patients. 


+ Classification of dysrhythmia follows usage at the Mayo Clinic. 
}{ One patient had a meningioma at the right sphenoidal ridge. 
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appeared when the patient closed her eyes 
before the alpha activity occurred. They 
usually were of a frequerity twice that of the 
alpha rhythms. 

The complex recording in figure 8 il- 
lustrates that the pattern described in re- 
sponse to motor activity and that in response 
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from the depths of the frontal lobe in the 
region indicated by the crossing of electrodes 
2 and 38. 

Changes in rhythms during various stages 
of visual activity are seen in figure 9a. The 
tracing, which is from the lower part of the 
occipital lobe of an extremely co-operative 
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Fig. 10 
a. Surface and depth recordings of the fast visual activity of 27 to 50 ¢/sec. and of the 


lambda waves. 


b. Surface and depth recordings from the frontal lobe and oculomotor nucleus. 


Electrode 1 is 


in the frontal lobe and the tip of electrode 2 is in the oculomotor nucleus. 


to visual activity may be altered independ- 
ently. These changes, therefore, cannot re- 
present a simple alerting response. This 


figure also illustrates that focal independent 
activity of alpha frequency may be recorded 
from regions distant from the occipital lobe. 
In this instance, such activity was recorded 


patient, shows activity of 2 to 8 ¢/sec. when 
the eyes were closed, 4 to 8 ¢c/sec. when the 
eyes were open and 27 to 50 c/sec. when the 
patient looked at a picture. 

The activity of 27 to 50 c/sec. was elicited 
only as. long as the patient was interested in 
the picture or object at which he was looking. 


In this case, the patient was confronted with 
a complex cartoon that required more than 
20 sec. for observation of all the details. The 
bottom tracing in figure 9b illustrates an 
increase in voltage of the fast activity when 
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with interest at an object or at white card- 
board. 

The recording @ lambda waves from the 
surface of the scalp, as well as from the depths 
of the brain, is illustrated in figure 10a. The 
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Fig. 11 


a. Surface and depth recordings of light driving and photomyoclonic 


response. 


b. Oscillographie recordings of the same. The depth tracings are from the 
region around the optic tract. The scalp tracing is recorded from the 
scalp muscle in the left frontal region. 


the patient looked with interest at a picture. 
The extra-short constant again was used in 
this channel. 

In the complex recording from the occip- 
ital lobe in figure 10a, one ean see the fast 
activity appearing when the patient looked 


appearance of these waves when the patient is 
looking at a complex picture and their 
disappearance when the patient is merely 


looking at a_ stationary object also are 
illustrated. The occipital electrodes from 


which lambda 


waves were recorded were 


SEM-JACOBSEN, PETERSEN, DODGE Jr., LAZARTE and HOLMAN 


EYES CLOSED RESTING EYES OPEN 
2K-: meena pent temtatncttMYMenennn 
RESTING 
~2e f 


LISTENING TO DR. TALKING TO OR. 


AGITATED AND HALLUCINATED 


RECORDING FROM FRONTAL 


& TEMPORAL LOBE 


A cm Pn A a 
onan titi dnl a “/ we hem wer Pw ey, ae ond oa 


a al rarer cre \ertneal ffi Aynseraterety ll Muyanbngnny Wr drrn/suniyonah 


SO CU aN OE Vat care ae With ate O00 attains ata Vallee otto, eatin 
SEC, Jst00n.v 


Fig. 12 


. Depth recordings from the temporal lobe, with a classic-burst activity. 
b. Simultaneous recordings of activity from the frontal and temporal lobes. 
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located somewhat deeper into the brain than 
were those from which the best visual re- 
sponses were obtained. Electric stimulation 
of the deeper electrodes caused blurring of 
vision in the contralateral eye. 
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the scalp and from the depths is /Justrated in 
figure 10b. In this figure, the recording from 
strand 2, channel 8, is suspected to represent 
the electric activity of that segment of the 
left oculomotor nuclei governing the function 
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Fig. 13 


a. Surface and depth recordings of activity in the frontal and temporal lobes. 
b. Depth recordings from the temporal, parietal and occipital lobes with intermittent slow 


waves in channels 6 and 7. 


Another possible source of lambda activity 
appeared to be in the brain stem, in the 
proximity of the oculomotor nuclei. The fact 
that electric potentials arising from this 
region may be recorded simultaneously from 


of the striated portion of the ipsilateral 
levator palpebrae superioris. Electric stimuli 
applied through this lead invariably resulted 
in contraction of the left levator palpebrae 
superioris. Thus, it appears that at least two 
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centers are involved in the production of 
lambda waves, namely that portion of the 
brain stem containing the oculomotor nuclei 
and the occipital lobe. It is further suspected 
that the occipital lambda activity may be rel- 
ated to the function of accommodation of the 
lens. 

Changes in the response to light as record- 
ed from around the optic tract are demon- 
strated in figure 11. In this light-sensitive 
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recorded regularly from the middle and 
deeper parts of the temporal lobe; such 
rhythms appear to be characteristic of these 
regions. Other waves of less specificity also 
were recorded. 

Opening and closing the eyes did not alter 
the rhythms: but, as illustrated, alertness may 
produce some alteration in the waves. The 
bursts of activity just described were, in most 
instances, synchronous with the arrhythmic 


AM 


Fig. 14 


Depth recordings from the temporal lobe and the region of the hypothalamus. Electrodes 1 
and 2 are in the region of the hypothalamus. The lower part of electrode 6 is in the temporal 
lobe. Electrodes 3 and 5 are in intermediate regions. 


patient, the response to light in the depths of 
the brain was altered and appeared rather 
sharp before the photomyoclonic response ap- 
peared in the scalp. In the oscilloscopic 
tracings, it is clearly seen that when the re- 
gions around the optic tract missed one flash 
of light the muscular response of the scalp 
also was missed. 

Part II. Depth recording from the tem- 
poral lobe is illustrated in figure 12a. Bursts 
of high-voltage waves of 3 to 9 c/sec. were 


waves of 2 to 4 ¢/sece. characteristic of a zone 
in the ventromedial part of the frontal lobe 
and described in an earlier report (Sem- 
Jacobsen et al. 1955) (fig. 12b). There also 
was a high degree of synchronism with the 
paroxysmal discharges of 2 to 5 c/sec. record- 
ed not only from this but from a more 
extensive region in the frontal lobe (fig. 13a). 
This paroxysmal activity has been encoun- 
tered in about half the patients studied. 

The upper two channels in figure 13b are 
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from the temporal lobe. Slow waves with a 
frequency of 2 to 5 ec/sec. appeared inter- 
mittently in tracings from the parietal lobe, 
as shown in channels 6 and 7 in the same 
illustration. These slow waves appeared syn- 
chronously with the bursts from the temporal 
lobe. 

The spindles seen in the recordings from 
electrode 5 in figure 14 are probably of the 
same type as the independent focal activity 
of alpha frequency illustrated in figure 8. 
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to 4 ¢e/sec. apparently dominate the region 
of the hypothalamus and the ventromedial 


part of the frontal lobe. These waves have 
been traced by simultaneous recordings in th 
ventromedial aspect of the frontal lob 
distance of about 5 em. in an anteroposterior 
direction. 

We have demonstrated th the 
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Fig. 15 


Depth recordings from temporal, frontal and parietal lobes before and during an acute 
episode of agitation with hallucination. Note the presence of a spike focus from the parietal 


lobe at the height of the episode. 


Apparently they are recorded from the same 
region. 

Arrhythmie waves of 2 to 4 ¢c/sec. can 
be seen in the recordings from the region of 
the hypothalamus, as illustrated in the lower 
tracing of electrode 1 and the upper tracing 
of electrode 2 in figure 14. Most of these 
waves are synchronous with the high-voltage 
activity in the temporal lobe, as illustrated in 
the lower part of figure 14. 

The same type of arrhythmic waves of 2 


waves of 2 to 5 c/see. from the ventromedial 
aspect of the frontal lobe. The latter activity 
appears to be similar to, if not identical with, 
the activity recorded from the region of the 
hypothalamus, as already described. This in 
turn is synchronous with the previously men- 
tioned rhythms in the temporal lobe. 

The synchrony of these activities has been 
observed in all patients in whom electrodes 
were implanted in these regions. These activ- 
ities were spontaneous and have been neither 
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elicited nor altered by physiologic or psy- 
chologic means. However, changes have been 
observed to occur during acute psychotic 
episodes. 

As mentioned in another publication (Sem- 
Jacobsen et al., 1955), recordings have been 
made from a number of patients during 
acute episodes of agitation and, at times, 
obvious hallucination. Figure 15 is a record- 
ing during such an episode. In this case, a 
spike focus appeared from the parietal lobe 
at the height of the episode. Profound changes 
occurred simultaneously in the tracings from 
the temporal lobe and the ventromedial part 
of the frontal lobe, where the arrhythmie 
waves of 2 to 4 c/see. regularly occur. Similar 
changes were not seen in tracings from the 
occipital lobe. 

To our knowledge, this is the first time 
that profound changes in electric activity 
have been demonstrated to occur synchro- 
nously in the frontal, temporal and parietal 
lobes during acute episodes of agitation and 
hallucination. 


SUMMARY 


Further studies have been done in an 
effort to establish additional patterns of the 
electric activity in the depths of the human 
brain. It has been demonstrated that somatic, 
sensory, motor, auditory and visual activity 
ean be recorded from the depths of the brain. 

Synehronous activity recorded from the 
ventromedial part of the frontal lobe, parts 
of the temporal lobe, parts of the parietal lobe 
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and the region of the hypothalamus indicates 
connections between these regions. 

Profound changes in the electric activity 
in these regions during acute episodes of 
agitation and hallucination have been ob- 
served. 


The authors express appreciation to William E. 
Kuchera and Charleen A. Patten, Rochester State 
Hospital, for their assistance and interest. 
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INTRODUCTION 


Shortly after Heath e¢ al., 1954 (chapter 
11), found what seemed to’ be a specific 
electroencephalographie abnormality in the 
septal and the hippocampal regions of schi- 
zophrenics, we became interested in possible 
chemical activators of these subcortical ab- 
normalities, hoping thereby to provide a 
pharmacologic aid in the diagnosis of some 
of the outstanding behavior disorders, partic- 
ularly schizophrenia. Our early attempts with 
Metrazol and photic stimulation have been 
reported (Heath et al. 1954, addendum E), as 
well as the subcortical effects of other drugs 
such as barbiturates, chlorpromazine, and re- 
serpine (Monroe et al. 1954). During this 
same period Ervin ef al. (1955) noted the 
many similarities between psychomotor epil- 
epsy and schizophrenia. Hence, we were 
particularly struck by a statement of Bereel 
(1953) in his studies on activation with 
seopolamine and chloralose that three of his 
activated patients with a diagnosis of psycho- 
motor epilepsy developed psychotic hallucina- 
tory behavior which was entirely different 
from the usual psychomotor attack. 

In the same report Bereel (1953) indicated 
that activation was possible in 22 of 30 epilep- 
ties with normal baseline EEG’s. In 22 epil- 
epties with abnormal records, these abnormal- 
ities were often aggravated. He also reported 
studies on 19 controls, none of whom display- 
ed seizure discharges under the influence of 
seopolamine and echloralose. Verdeaux (1954) 
reported a study of 245 patients activated in 
a similar manner. One hundred and twenty- 
one of their patients had clinical epilepsy. 
Activation occurred in 60 of the 86 who were 
currently under treatment and in 29 of the 


1 Aided in part by researeh grant from the Com- 
monwealth Foundation. 


35 who were not. In the second group of 
124 patients with either doubtful epileptic 
symptomatology, character disturbances, im- 
pulsive behavior, or psychasthenic symptoms, 
73 were activated. This latter group is 
probably more comparable to our clinical 
patients than the former. Since 1952 we 
have investigated the effects of scopolamine 
and alpha chloralose (SAC) ? on patients with 
chronically implanted deep electrodes as well 
as selected patients from the acute psychiatric 
wards of a large general hospital. 


TECHNIQUE 


Our experimental subjects included 31 
hospitalized psychiatric patients, 15 voluntary 
controls, and 8 patients with intracranially 
implanted electrodes, as described by Heath 
et al. 1954 (addendum C). In the 31 patients 
the first 14 were selected on the basis of their 
episodic psychotic behavior ; the other 17 were 
unselected patients from the acute wards of 
our psychiatric service. The total group con- 
sisted of 18 schizophrenics, 8 of whom were 
diagnosed chronic undifferentiated, 3 epilep- 
ties. with secondary behavior disorders, 4 
schizophrenics with epilepsy, and 6 severe 
character or neurotic disorders manifesting 
particularly impulsive behavior which border- 
ed on the psychotic. The 15 voluntary con- 
trols were either workers in the laboratory 
well known to the authors or patients selected 
from an out-patient psychiatric clinic where 
there was no question of either incipient psy- 
chosis or epilepsy. The 8 patients with chro- 
nically implanted electrodes consisted of 6 
schizophrenics, 1 patient with episodic psy- 
chotie behavior, and 1 patient with far ad- 
vaneed carcinoma and cerebral metastases. 


2 Drug supplied by the Etablissements Kuhlmann, 
Paris, Franee. 
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All the patients had one or more routine elec- 
troencephalographie recordings with hyper- 
ventilation and sleep. 

Our procedure for studying the effect of 
SAC was similar to Bercel’s (1953), although 
as some of the patients were uncooperative 
this often had to be modified. The patients 
had baseline recordings with a 3 min. hyper- 
ventilation. Following this, 500 mg. of chlor- 
alose and 14 mg. of scopolamine were given 
by mouth. We removed the drug from the 
capsule as supplied so there would be no 
delay in absorption. Subsequently the pat- 
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ment. Patients with deep electrodes also had 
scalp recordings. One patient was recorded 
on 16 channels by synchronizing two 8-chan- 
nel machines. In selected patients frequency 
analysis was done. During the activation 
procedure the patients were followed clinically 
by observing them through a one-way mirror, 
with periodic psychiatric interviews during 
the height of the drug effect, noting also the 
physiologic responses to the drug, particularly 
changes in pulse. A detailed report of the 
psychiatric observations will be submitted in 
the near future. 


SUMMARY OF DATA 


6 choracter disorders suggest: 
ing psychoses 


Subjects Diagnoses Baseline EEG Activated EEG Behavioral Change 
I. 31 psychotic patients in hos- | '8 schizophrenics 24 normal 4 no change 
pital {no change | 
3 epileptics with behavior dis- 2 normal buildup on hyperven- || 8 generalized low-amplitude 
order , tilation theta-deita 
4 schizophrenics with epilepsy | 2 slowing ofter hyperventilation |[2 focal theta }H aura ] 


1 bilateral occipitoparietal theta | 2 spike 
| generalized theta 
| random spike 


| lost consciousness 

9 clouding sensorium 

15 paroxysmal high amplitude [7 7 psychotic 

theta-delta (9 with focal wb- i all dramatic emotional ovt- 
normality) bursts 


O. 15 volunteers [tt normal 


YI no change 


6 laboratory workers 


9 outpatients, psychiatric 
clinic with no evidence of 
psychoses or epilepsy 


ventilation 


2 normal buildup on hyper- 


| slow activity after hyper- 


“1 no dramatic change | 


nt paroxysmal high amplitude 


ventilation theta-delta 
| frontal theta 
I. 8 patients with intra: 6 schizophrenics 6 normal all activated (see text) 2 no change 
cranial electrodes 
1 cancer with cerebral metas- 2 occipital theta 2 clouding 
tasis ‘ 
‘ 2 psychotic 
| periodic psychotic behavior 
2 emotional 
Fig. 1 
Summary of experimental data (see text). 
RESULTS 


ients were hyperventilated at 15 min. intervals 
if they were cooperative. The recordings were 
followed for a minimal period of 2 hours, 
and in most of the patients there was a fol- 
low-up study from 3 to 24 hours after the 
drug had been given. Patients with chronical- 
ly implanted electrodes had these located at 
least in the septum and the hypothalamus, 
and most had electrodes on the cortex and in 
other subcortical structures, such as the hip- 
pocampus, amygdaloid, caudate and thalamus. 
Recordings were both monopolar and bipolar, 
using the standard 8-channel Grass instru- 


Hospitalized Patients. Twenty-seven of 
the 31 patients in this group showed definite 
activation under chloralose (fig. 1). One of 
the 4 that did not, later showed activation 
when the procedure was repeated after he 
had implanted intracranial electrodes. Seven 
of the patients had a history of one or more 
grand mal attacks, and 2 had a questionable 
history of psychomotor seizures. Five had 
shown some abnormalities on previous electro- 
encephalograms; 2, a generalized slowing fol- 
lowing hyperventilation; one, bilateral occi- 
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pital-theta activity with spread to the pari- 
etal; one, generalized low amplitude theta 
maximal in the parietal; one, random spikes. 
Two others showed slight build-up on hyper- 
ventilation accompanied by immediate return 
to normal. All the patients with a history of 
seizures, as well as those with abnormal base- 
line recordings, were activated. 

The changes in the electroencephalograms 
could be described as follows: within the first 
15 min. one would see a general relaxation. 
Muscle artefact would disappear, as would 


Pre-chloralose 


looked similar to a post-EST record, and in 
two instances appeared similar to sleep records 
although the patient was carrying on a con- 
versation during the recording. Two others 
showed moderate amplitude theta activity 
maximal in the occipital or occipital-parietal 
region. 

The remaining 17 patients showed parox- 
ysmal high amplitude fast or slow waves 
easily distinguished from background activ- 
ity, a pattern that is usually associated with 
a history of seizures. Two patients showed 


Post chloralose 


30 minutes 
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2 hours 6 hours 
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Fig. 2 
Typical activation with SAC. 


low amplitude fast activity which would be 
replaced by regular alpha rhythms. Follow- 
ing this there would be an increase in ampli- 
tude and a slight slowing of the alpha wave 
(fig. 2). Abnormalities, if they did appear, 
with only one exveption occurred within the 
first hour. The subsequent change was a 
continued slowing of the record until moderate 
amplitude theta-delta activity with super- 
impused baseline rhythms appeared (fig. 2). 
In 8 of the activated group this generalized 
slowing was all that occurred. The record 


spikes only. One of these showed an increase 
in the random spiking which had been ap- 
parent in the baseline. The other was unique 
in that he showed no activation during the 
2-hour period immediately following chlor- 
alose but 4 hours later did have a right 
temporal sharp wave focus. 

The remaining 15 developed high ampli- 
tude paroxysmal theta-delta activity (fig. 2), 
most often sinusoidal but occasionally with 
wave-spike complex. This maximal effect oc- 
eurred most often during the second hour 
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but occasionally in the first. Nine of these 
patients showed some focal signs. Seven had 
maximal slowing in one area — four in the 
frontal, two in the frontal-temporal region, 
one in the occipital-parietal region; and three 
of these seven also had focal spike or sharp 
waves. The other two had generalized high 
amplitude sinusoidal theta-delta rhythm with 
focal spiking or sharp waves occurring in the 
parietal-occipital in one and frontal-parietal 
in the other. Four of these showed unilateral 
foci. In every instance except one the ab- 
normality was augmented by hyperventila- 
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This was certainly true of our clinical pat- 
ients. He also mentions that spiking activity 
was the predominant pattern in the epilep- 
tics who were activated. Of the-7 patients in 
our group who showed spiking abnormalities, 
4 did have a history of seizures. 

Control Group. In our 15 volunteers only. 
4 showed activation under chloralose, with 
high amplitude paroxysmal theta or delta 
activity the abnormal pattern. These 4 also 
showed some irregularities in their baseline 
EEG records: the first, a slight build-up 
during hyperventilation with immediate re- 
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Fig. 3 
Decrease of high amplitude theta-delta with alerting. Complete disappearance in deep leads. 


tion. On the other hand, in only one of the 
patients was it necessary to use hyperventila- 
tion to bring out the abnormality. The hyper- 
synchrony noted in these records could some- 
times be decreased but not obliterated by talk- 
ing with the patient (fig. 3). Follow-up re- 
cordings 2 to 6 hours later showed a return 
to the baseline but still some evidence of 
slowing in every instance (fig. 2). 

Verdeanx (1954) mentioned that his pat- 
ients with either questionable epileptic 
symptomatology or psychiatric disorders on 
activation showed hypersynchronous patterns. 


turn; the second, slight slowing immediately 
following hyperventilation; the third, parox- 
ysmal high amplitude theta predominantly 
in the frontal area, appearing after 150 sec. 
of vigorous hyperventilation and lasting from 
10 to 20 see. In this subject activation was 
manifested by an earlier build-up during 
hyperventilation which would persist for 40 
to 60 see. The baseline record of the fourth, 
lasting for 20 min. was read as normal. Iow- 
ever, one weck after activation a repeat 114- 
hour electroenecephalogram was made. At 
this time there were occasional bursts of 
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moderate amplitude theta predominantly in Patients with Chromecally Implanted Intra- 
the frontal leads bilaterally, exaggerated by cranial Electrodes. On the basis of the hyper- 
hyperventilation. This slowing might have synchrony induced by SAC Verdeaux post- 
been present during the original baseline but ulated that the drug might be acting sub- 
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Fig. 4 
Pre-chloralose baseline. Compare with figure 5. Channel 1 and 2 scalp electrodes. 
The rest intracranial electrodes. 


obscured by movement artefact. The 11 volun- cortically, particularly on the diffuse projec- 
teers who did not activate had normal base- tion system of the thalamus. In studying our 
line EEG’s. 8 patients with implanted electrodes we were 
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stimulation of the thalamus. He also pointed 
out that Moruzzi and Magoun (1947) showed 


that stimulation of the reticular formation 
abolished the synchronous discharges in cats 


particularly interested to see whether activa- 
tion might appear in the subcortical areas 
without coneomitant cortical changes as he 
suggested. He pointed out that the hyper- 
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Fig. 5 
Generalized slowing maximal on right. Spiking in hippocampal leads. 


under light chloralose anesthesia and also 


synchrony induced by SAC is similar to that 
interfered with recruiting responses to thal- 


reported by Dempsey and Morison (1942) 


and Jasper et al. (1947) after low frequency amic stimulation. Perhaps we were inducing 
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a similar mechanism when we could decrease 
the hypersynchrony by talking with the 
patient (fig. 3). 

It has been our experience that many 
drugs will affect selectively either the cortical 
or subcortical structures (Heath et al. 1954, 
addendum E), but this was not evident in our 
present chloralose study. Three of the 8 
patients, including the one with cancer, show- 
ed generalized delta-theta involvement of 
equal amplitude in both the cortical and sub- 
cortical structures simultaneously. One pa- 
tient who had a normal record under the usual 
scalp recordings with SAC activation, after 
electrode implantation showed a moderate 
generalized build-up during hyperventilation 
at 100 sec. with an immediate return to 
normal. Another patient showed the first 
involvement and predominant activation in 
the right frontal cortex, although later the 
abnormality became generalized. Another 
showed theta-delta activity appearing first in 
the cortex and then later spreading to the 
deep leads. At the height of the effect the 
frontal cortical leads showed maximal ampli- 
tude with abortive wave-spike configuration. 
Another showed first involvement and 
greatest amplitude in the right fronto-tem- 
poral cortex. One patient did show an effect 
limited to the subcortical region, particularly 
the septal area, with the development of theta- 
delta activity with superimposed normal 
rhythms. However, this patient, when going 
into natural sleep, would also show slowing 
in the subcortical areas before there was 
similar cortical involvement. Figures 4 and 
5 show the cortical and subcortical parox- 
ysmal high amplitude delta-theta activity 
appearing predominantly on the right but 
involving both the deep and cortical leads. 
The amygdaloid showed similar activity, while 
the hippocampus was only slightly changed. 
‘During the complete run spiking activity was 
seen in the hippocampal leads, both on the 
right and the left, sometimes synchronous 
but often independent. This spiking activity 
was only apparent on the left during the base- 
line recording. It was this patient who had 
episodic psychotic behavior, hence the hippo- 
campal spike may be particularly important. 
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SIDE EFFECTS 


A detailed account of the side effects of 
SAC will be reported later, particularly an 
evaluation of the behavioral changes. As 
Bercel noted, we found in all but 2 of our 
52 subjects (2 had had both a routine activa- 
tion and activation after electrode implanta- 
tion) a fall in the pulse rate between 10 to 
16 within the first hour. Three of the patients 
had a chill response and 9 showed some kind 
of motor abnormality. Four of these had 
twitching of the hands and fingers, aggravated 
by movement. Two had more generalized 
clonic movements which interfered with walk- 
ing and talking. Two others reported drawing. 
sensations in their limbs and necks. Toward 
the end of the study we discovered that in 
most instances the Romberg was positive im- 
mediately after completion of the recording. 
All of the controls noted considerable relaxa- 
tion. Twenty-eight of the 31 clinical patients 
reported significant relaxation with some 
describing it as ‘‘too much’’. Many had to 
urinate during the course of the experiment. 
All felt that this was unusual and had been 
induced by the drug. 


In the 37 patients who were studied either 
with scalp electrodes or intracranially im- 
planted ones, 12 showed either no activation 
or moderate amplitude theta-delta activity 
with superimposed normal rhythms. None of 
this group demonstrated any behavioral ab- 
normalities under the drug. Two with focal 
slowing in the occipital region complained of 
an exacerbation of their usual symptoms, in 
one ease, flashing blue lights and a drawing 
sensation in the black of the neck, and in the 
other, occipital headache. The remaining 25 
demonstrated dramatic behavioral changes 
under the drug. Nine of the patients showed 
varying degrees of clouding of sensorium, 
but only one actually lost consciousness, 
during which time she showed focal clonic 
movements. Three stared into space as if in 
a prolonged petit mal attack but were im- 
mediately alerted by any external stimuli. 
Nine showed definite psychotic behavior, with 
three actively hallucinating. This behavior 
was not proportionate to the clouding of 
sensorium. Six of the nine described feelings 
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of unreality or depersonalization. Six showed 
bizarre acting-out; seven, dramatic emotional 
responses. Four complained of headaches or 
other bodily pain. Several became more talk- 
ative, revealing for the first time pertinent 
unconscious material. In the control group 
there were no dramatic changes in behavior, 
although many reported a feeling of ‘‘less 
inhibition’’. A study on various drugs that 
might be useful in controlling these side re- 
actions is now under way. We have found 
in several patients that sodium phenobarbital 
will alleviate the motor side effects. The one 
patient who was unconscious responded 
dramatically to 240 mg. of sodium pheno- 
barbital intravenously. Sodium amytal seem- 
ed to be better than phenobarbital for control- 
ling the behavioral changes in’ the several 
patients on whom it has been tried. 


DISCUSSION 


Unfortunately there are no recent studies 
in the English literature on the pharmacology 
of alpha chloralose (chloralosane) or its iso- 
mer, beta (para) chloralose. According to 
Verdeaux there is still debate as to which iso- 
mer is responsible for the toxic side reactions, 
particularly the motor phenomena, with the 
beta chloralose most commonly implicated. 
Our studies reveal that one occasionally gets 
clonic movements even though the drug used 
is pure alpha chloralose. It also remains un- 
clear whether this chloralose-scopolamine com- 
bination is necessary for the activation de- 
scribed above or whether chloralose alone 
would be equally effective. As we now have 
available alpha chloralose without scopola- 
mine, we hope to answer this question in the 
near future. In view of the recent studies on 
adrenalin degradation products as_ possible 
psychosis-producing body metabolites (Hoffer 
et al. 1954), an early study by Vincent and 
Thompson (1928) suggesting that chloralose 
acts by inhibiting the oxidation of adrenalin 
is of particular interest. 


A detailed statistical analysis has been 
postponed until our series is considerably 
larger, but there is no question that, for as 
yet unclear reasons, severely disturbed psy- 
chiatric patients are much more likely to 
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show electroencephalographic hypersynchrony 
under scopolamine and chloralose than nor- 
mal controls. Of course, many questions re- 
main unanswered. We as yet have not made 
any study on the response of one individual] 
under varying doses of SAC. We also hope 
to enlarge our control group, at the same 
time acquiring detailed psychiatric informa- 
tion so that we can properly evaluate those 
controls who do show activation. As our 
group gets larger it will be possible to evaluate 
those definitely psychotic patients who show 
no activation under SAC. However, several 
points seem obvious from the data we have 
at present. One certainly should be cautious 
in interpreting paroxysmal hypersynchrony 
induced by SAC as evidence for clinical epil- 
epsy, inasmuch as so few of our activated 
patients had such a history. Also it needs 
to be pointed out that despite the large num- 
ber of focal activations, few of our patients 
had any history or physical findings suggest- 
ing central nervous system lesion. We are 
certain that the behavioral changes noted 
under activation cannot be explained on the 
basis of an acute toxic psychosis despite the 
clouding of sensorium seen in some of the 
individuals. It remains to be seen whether 
this technique will differentiate a sub-group 
of behavior disorders or whether it can dif- 
ferentiate psychotics from the normal or 
neurotics. 


SUMMARY 


In 39 studies on 37 patients with behavioral 
disorders requiring hospitalization on a psy- 
chiatric ward, only 3 patients failed to show 
electroencephalographic abnormalities after 
they had received 500 mg. of chloralose plus 
1, mg. of scopolamine. Six of this group 
showed EEG abnormalities during baseline 
recordings with hyperventilation. Only 7 of 
the 37 had a history of grand mal or psycho- 
motor seizures. 


In 15 voluntary controls with no evidence 
of either epilepsy or severe behavior disorder, 
only 4 were activated. All activated controls 
had some irregularities in the baseline record- 
ing which, although they might not have been 


considered abnormal were, nevertheless, devia- 
tions from the expected pattern. 

Activation, which, with one exception, 
started within the first hour and reached a 
maximum within the second, consisted of 
theta-delta activity that was often focal at 
first but tended to generalize later. Occa- 
sionally sharp waves or spikes would be 
seen. The abnormality would be continuous 
or paroxysmal and was often associated with 
an increase in symptoms or behavioral ab- 
normalities. 


In 8 patients with subcortical chronically 
implanted electrodes, there was no consistent 
pattern of subcortical activation before in- 
volvement of the cortical areas. Like the 
clinical studies, the activation often occurred 
focally then became generalized. 


Only one patient lost consciousness, and 
although she showed focal rhythmic clonic 
movements there was no generalized tonic- 
clonic convulsion. In view of the fact that 
only 7 of the 34 patients who were activated 
had a history of seizures, one should be 
extremely cautious in interpreting scopola- 
mine-chloralose activation as evidence of epil- 
epsy. Whether this procedure will be useful 
in identifying a specific group of behavior 
disorders can only be determined by extending 
activations to much larger series of patients 
and controls. 
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Electroencephalographic changes  asso- 
ciated with variations in conscious state are 
always of interest, and this is particularly 
so when these changes are induced by drugs. 
Shulman, Shaw, Cass and Whyte (1955) in 
their recent paper evaluating the clinical 
aspects of treatment of barbiturate intoxica- 
tion with Megimide (NP 13) and Daptazole 
(DAPT) suggested that such treatment 
should be carried out under electroenceph- 
alographic control. This present report re- 
views the electroencephalographic changes 
apparent as a result of treatment with these 
drugs, and assesses the value of electroenceph- 
alographie control in relation to the possible 
toxicity of the treatment. It is not the pur- 
pose of this paper to assess the value of the 
treatment itself in cases of acute barbiturate 
intoxication. Details of the clinical progress 
of all except two cases in this series have been 
reported by Shulman, Shaw, Cass and Whyte 
(1955). As a necessary preface to this study 
an examination of the electroencephalogram 
patterns associated with barbiturate narcosis 
was also conducted. 


MATERIALS AND METHODS 


Twenty-six examinations were made on 
12 patients treated with Megimide (NP 13) 
and Daptazole (DAPT) in the Alfred Hos- 
pital, Melbourne, during the period 27.11.53. 
and 15.4.55. 

Ten of these patients were unconscious as 
the result of barbiturate poisoning at the 
time of their admission to hospital. These 
were females aged between 22 and 59 years. 
All except 2 of these patients had some pre- 


1Megimide and Daptazole are the trade names 
in Australia for @@Q-methylethylglutarimide (NP 13) 
and 2:4 - diamino - 5 - phenylthiazole hydrobromide 
(DAPT). 
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vious history of psychological disorder al- 
though only one had attempted to commit 
suicide on another occasion and only 4 were 
receiving treatment in the form of psycho- 
therapy before admission. In no case was 
there any suggestion of preceding cerebral 
disease. 

Examinations were made before and 
during the initial treatment with Megimide 
and Daptazole in 3 of these 10 cases — No. 
4,11 and 12 — and in one other case (No. 5) 
the first examination was made immediately 
before and during the second treatment. At 
varying intervals following treatment exam- 
inations were made on all except case 12. 

The remaining 2 cases were healthy males, 
aged 14 and 51 years, admitted to hospital 
for orthopaedic treatment. Examinations 
were made before and during the administra- 
tion of the barbiturates and during the sub- 
sequent treatment with Megimide and Dapta- 
zole. 

All known details of barbiturates and 
doses used are included in table I, together 
with details of the extent of treatments. The 
quantities of Megimide and Daptazole used in 
different cases were determined with regard 
to observed clinical changes, and in some cases 
with regard to observed changes in the electro- 
encephalogram. 

The barbiturates in cases 1 and 8, and 
all Megimide and Daptazole were given by 
intravenous injection, a single treatment with 
Megimide and Daptazole normally consisting 
of a series of injections, each of approximately 
0.05 g. Megimide and 0.015 g. Daptazole, 
given over periods of 40-90 min. 

All recordings were taken with a Grass 
model III-B six-channel electroencephalo- 
graph, using 14 silver dise electrodes and 
saline jelly contact media. Bipolar records 
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MEGIMIDE AND DAPTAZOLE AS BARBITURATE ANTAGONISTS 


covering all areas were taken on all patients, 
electrodes covering the parasagittal areas 
being selected for recording during the ad- 
ministration of the barbiturates —- when this 
was done — and of the Megimide and Dapta- 
zole. 

Little detail of clinical change is included 
here as it is outside the scope of this report. 
Responsiveness or lack thereof as is assessed 
routinely during recording «is the only in- 
formation included. 


RESULTS 


(a) Examinations made before and during 
administration of barbiturates. 


Such examinations were made on the 2 
male patients cases 1 and 8, and before the 
administration of the barbiturates these were 
within normal limits. Case 1 (fig. 1) shows 
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pattern described by Brazier and Finesinger 
(1945), although only in case 1 is there the 
apparent spread of first the fast activities 
and later the slow activities from anterior 
to posterior areas. Fast activity in case 8 
appears simultaneously in frontal and pari- 
etal areas, and the second stage — that char- 
acterised by the appearance of fast activities 
slower than those previously seen — is also 
reached simultaneously in all areas. Slow 
activities in case 8 appear 140 see. after the 
total barbiturate dose had been given, but in 
ease 1 high voltage slow activity appears 
within 40 sec. of the beginning of injecting 
and before the slowing of the fast activity 
is noticeable. 


There is some reversal of these changes 
in ease 8 during subsequent movement and 
orthopaedic manipulation, the extent of which 


B a 


Fig. 1 
Case 1 


A. Tracing taken before sedation. 


B. Tracing taken after sedation and immediately before treatment. 


C. Tracing taken after conclusion of treatment. 


random theta activity in addition to normal 
alpha and fast activities, but this is not exces- 
sive for his age (14 years). There is no 
dominant alpha rhythm in ease 8 but irregular 
activities within the alpha and beta ranges 
are distributed evenly throughout both 
hemispheres. 

Changes appearing during the administra- 
tion of the barbiturates follow the general 


can be assessed from the details given in 
table II of the appearances of the records 
immediately prior to commencement of treat- 
ment. 


(b) HKxaninations made during treatment. 


Neither between the records taken before 
nor between those taken during treatment 
was there found any similarity (ef. fig. 1 
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Fig. 2 
Case 4 


A. Tracing taken before treatment. 
B. Tracing taken immediately after treatment. 


C. Tracing taken one day after treatment — patient responsive. 


2 and 3). These results have therefore been 
listed in table II. All patients were unre- 
sponsive during treatment, case 8, however, 
became responsive before the examination was 
concluded. 

The only feature observed and not ad- 
equately illustrated in the table is that the 
changes affecting all activities show some 
reversal between successive injections in the 


treatment. Maximum changes are generally 
apparent within 40 sec. of the completion of 
each injection. 


(c) Examinations made following treatment. 

Again little similarity could be found be- 
tween examinations made on different pat- 
ients, and these results have been listed in 
table III (cf. fig. 1, 2 and 3). In all except 


dic sialeggbi chi 


Fig. 3 
Case 5 


A. Tracing taken before treatment. 
B. Tracing taken immediately after treatment. 


C. Tracing taken one day after treatment — patient still unresponsive. 


MEGIMIDE AND DAPTAZOLE AS BARBITURATE ANTAGONISTS 


ceases 5 and 10 the patients were responsive 
during these examinations, those periods 
during which cases 5 and 10 were unrespon- 
sive being appropriately marked. 


DISCUSSION 


Inclusion of cases in this report was 
determined by their treatment with Megimide 
and Daptazole and as a result there are in- 
cluded cases of varying degrees of barbiturate 
narcosis. 

Barbiturate narcosis of mild degree is 
reported to be associated with a characteristic 
change in the electroencephalogram, namely 
the appearance of an increased number of 
waves with frequencies 15 to 30 ¢/sec. (Isbell 
and Fraser 1950). An identical change was 
seen in case 8, the only case of mild narcosis 
in out series. 

Assessment of the degree of narcosis in the 
other case of controlled intoxication included 
in this series is difficult. While the quantity 
of barbiturate used is insufficient to cause loss 
of consciousness in otherwise normal adults 
addicted to barbiturates, Isbell, Alstchul e¢ 
al. (1950) reported that 0.4 g. to 0.7 g. of 
pentobarbital produced a marked degree of 
intoxication during the period prior to exper- 
imental addiction. These observers also report 
that a dose which causes only mild intoxica- 
tion a significant time after a meal will cause 
severe intoxication and even coma if the 
patient is fasting. Consideration of the fast- 
ing state and age of this patient suggest that 
the barbiturate dose administered to case 1 
in this series was possibly sufficient to pro- 
duce intense narcosis. Certainly absence of 
change in the electroencephalogram with 
painful stimulation at least guarantees that 
a surgical level of narcosis was reached 
(Toman and Davis 1949). 

Differences exist between findings report- 
ed to accompany barbiturate anaesthesia. The 
changes seen in this case most closely re- 
semble those described by Brazier and Fine- 
singer (1945), namely augmentation of fast 
activities predominantly in anterior and 
central leads, and secondarily the appearance 
of slow activities with deeper anaesthesia. 
These authors also describe the appearance of 
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a pattern similar to that of normal sleep 
during anaesthesia, and arousal from this is 
accompanied by the appearance of abnormal 
quantities of low voltage fast activities. Other 
reports describe an increase in voltage of the 
alpha range frequencies (reported Greville 
and Heppenstall 1950) but neither this in- 
crease nor a pattern similar to that of normal 
sleep was observed in the electroencephalo- 
cram of case 1. 

All three cases of uncontrolled intoxication 
investigated prior to treatment show widely 
diversant patterns none of which resembles 
the irregular high voltage slow wave pattern 
of normal sleep. However, the quantities of 
barbiturates believed to have been taken to- 
gether with the duration of coma prior to 
treatment indicate that these must be con- 
sidered as cases of very deep narcosis beyond 
the level of surgical anaesthesia. 


Descriptions of the effects of high con- 
centrations of barbiturates on the electro- 
encephalogram are confined to observations 
on laboratory animals (Toman and Davis 
1949). Clark and Ward (quoted Toman and 
Davis 1949) described the appearance of 
quiescent periods in the EEG of cats under 
deep anaesthesia, emerging from which 
periods are bursts of slow monophasic spindles 
or isolated sharp waves. Swank and Watson 
(1949) described similar periodic absences of 
activity in the electroencephalograms ‘of dogs 
during deep barbiturate narcosis, the ‘‘ab- 
sences’’ being interspersed with bursts of 
sharp waves, spikes and some high voltage 
slow activity. 

Similar depressions of activity with 
‘‘bursts’” of higher voltage predominantly 
theta and delta activity were seen in two 
of the cases of uncontrolled intoxication, one 
showing very low voltage alpha activity and 
the other low voltage alpha and beta activ- 
ities between the bursts. The other case seen 
prior to any treatment showed continuous 
slow activity of medium voltage, superim- 
posed on which were alpha and theta range 
activities. Similar activities were noted prior 
to the second treatment in case 5. And since 
the changes induced by the second treatment 
are minimal and do not persist for any signif- 
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icant time it is possible that the changes 
induced by the first treatment are similarly 
negligible. 

Shimazono et al. (1953) reported that 
typical patterns of barbiturate response were 
not observed in cases where function of the 
brain was severely disturbed before sedation. 
Although all ten cases of uncontrolled in- 
toxication in this present series showed ev- 
idence of psychological disturbance, none had 
histories which would suggest cerebral dys- 
function of the extent and nature previously 
described. 

In so small a series as this deviations from 
the expected pattern of abnormality can only 
be noted. No one of the variable factors — 
quantity and nature of the barbiturate, and 
individual response to barbiturates — is 
constant for any two cases. Although dura- 
tion of coma prior to investigation was ap- 
proximately the same in cases 11 and 12 dif- 
ferent doses of different barbiturates suggest 
that conditions at the time of recording were 
not similar. Differences noted in the ab- 
normalities seen in these cases do suggest 
that there is not a universal sequence of ab- 
normality, and therefore it cannot be con- 
cluded that replacement of one pattern of 
abnormality with another conclusively re- 
presents either progression or regression of 
narcosis. 

As outlined in the introduction the prin- 
cipal purpose of consideration of this series 
was to investigate the value of the electro- 
encephalogram with particular reference to 
the possible toxicity of the treatment of bar- 
biturate intoxication with Megimide and 
Daptazole. Evaluation of the treatment it- 
self is impossible because of the difficulty of 
predicting the sequence of changes between 
the normal waking pattern and that of nar- 
cosis of more than mild degree. 


All changes appearing during and imme- 
diately following injection of Megimide and 
Daptazole are attributed to the influence of 
these drugs. Consideration of these changes 
shows first that there is no superimposition 
of a set pattern of frequencies or voltages on 
the pattern existing prior to treatment. Nor 
ean there be found any exclusive influence of 
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the treatment on any one specific frequency 
range, as has been found in the case of 
Metrazol used as an antagonist to sodium 
amytal (Kirstein 1952). 

This feature is well illustrated by con- 
sideration of both the fast and slow activities. 
Except case 8, that of mild narcosis, most 
cases show an increase in both voltage and 
amount of fast activity with no apparent de- 
crease as treatment proceeds. This is parti- 
cularly noticeable in case 5 where almost no 
fast activity is apparent before treatment but 
some appears during treatment. Case 11 on 
the other hand shows negligible fast activity 
both before and during treatment, but exces- 
sive fast activity is seen on the day following 
treatment when the patient is responsive. 
Similarly although three cases show an in- 
crease in frequency and voltage of the slow 
activity during treatment, the effect of treat- 
ment in case 11 is immediately to decrease the 
slow activity. 

An explanation of the complexity of the 
reaction based on the fact that treatment 
utilises two different drugs is contradicted 
by consideration of case 1 in which Megimide 
alone was used with no more simple response. 

Of particular interest was the appearance 
during treatment of well organised spike out- 
bursts in case 1 (fig. 1 C), this being the 
only case in this series to show the clinical 
evidence of toxicity described in detail by 
Shulman ef al. (1955). However, both the 
spike outbursts and clinical evidence of 
toxicity appeared simultaneously, so the 
former are of no value in predicting the onset 
of the latter condition. The only possible 
early indication of the spike outbursts was 
the appearance of sharp wave activity, but 
similar sharp wave activity appeared in case 
12, and in spite of prolonged treatment spike 
outbursts and clinical evidence of toxicity 
never appeared. Treatment in case 4 was 
ceased as soon as the sharp wave activity was 
apparent, but quite possibly treatment could 
safely have been prolonged in this ease also. 


Electroencephalographie records during 
recovery following treatment were studied in 
detail to see if there was any evidence of 
previously latent sharp wave or spike activ- 
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ity, or of other evidence to suggest persistence 
of influence of the treatment. No abnormal 
activity could be attributed to the treat- 
ment. It is notable that excessive fast activ- 
ity was not consistently found, although such 
was expected from other reports (Brazier 
and Finesinger 1945). 

It is also of interest to note the similarity 
between some of the electroencephalograms 
taken in the recovery stages and those de- 
scribed by Wickler e¢ al. (1955) in the 
‘‘barbiturate abstinence syndrome’’. In this 
series only case 1 showed any epileptiform 
disturbances, but all cases after the return 
of responsiveness show persistence of varying 
quantities of slow activity, these at first being 
continuous and later appearing as bursts and 
runs. When apparent, associated sharp wave 
components were poorly developed (fig. 2 C), 
and true spike and wave outbursts as describ- 
ed by Wickler were never seen. Such similar- 
ities are to a certain extent expected, changes 
during chronic’ barbiturate intoxication 
having been reported to be similar to those 
observed during mild acute barbiturate nar- 
cosis (Isbell and Fraser 1950). 

The persistence of the slow activities after 
the return of the normal frequencies makes 
it unlikely that during intoxication the slow 
activity simply represents depression of cor- 
tical function with corresponding slowing of 
normal frequencies (Brazier and Finesinger 
1945). 

Consideration in detail of the records 
taken during recovery accentuates the indi- 
vidual difference of reaction to both the 
barbiturate and treatment. No case having 
taken a greater dose of barbiturate or having 
been in coma for a greater length of time 
before treatment shows, at a later stage in 
recovery, a one-to-one correspondence to an 
earlier stage in the recovery of a case less 
intoxicated. Similarities are apparent be- 
tween recovery records of patients who have 
used the same barbiturate, e.g. cases 5 and 
10, but otherwise similarities appear only in 
the final stages of recovery when all records 
are almost normal. 

From this series it is apparent that, even 
should detailed information be available of 


297 


the electroencephaloyraphie changes induced 
by different barbiturates when taken in in- 
toxicating doses, the wide variation in the 
response to treatment makes it most probable 
that more rigidly defined clinical changes will 
be of greater value in controlling treatment. 
And although it is most likely that the ap- 
pearance of spike outbursts following treat- 
ment is specific of the toxic state their ap- 
pearance simultaneously with clinical ev- 
idence of toxicity makes them of no value in 
anticipating this state. 


SUMMARY 


The effect of Megimide and Daptazole on 
the barbiturate induced activity of the brain 
was studied in 12 patients. 


No similarity was found between the 
records of patients intoxicated with different 
barbiturates, nor was there found any specific 
pattern associated w:th treatment. The treat- 
ment induced different changes in each 
patient making impossible prediction either 
of the changes themselves or of the appear- 
ance of the electrical activity associated with 
toxicity. 


I am indebted to Dr. John Game, Honorary 
Neurologist of the Alfred Hospital for his encourage- 
ment and assistance in the preparation of this report. 
I wish to thank the Members of the Honorary Medical 
Staff of the Alfred Hospital for permission to use 
their cases, and Dr. A. Shulman and Professor Shaw 
for their consent to inclusion of cases studied by 
them. 
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INTRODUCTION 


Evidence has been accumulating that 
Benadryl? (Diphenhydramine Hydrochlor- 
ide) has a varied and interesting action upon 
the central nervous system. The evidence has 
come from several fields of investigation. The 
earliest reports were concerned with the 
side effects of the drug. Duerfeldt (1947) 
reported muscle twitching, dilated pupils, 
ataxia and finally convulsions, in a child 
who ingested a large dose of Benadryl*. 
Weil (1947) reported nervousness, difficulty 
in coordination and muscular twitching to 
the extent of epileptiform movements. In 
an excellent review, Sachs (1948) listed 
various side effects of which at least 
90 per cent may be considered as resulting 
from action on the central nervous system. 
Drowsiness, parasthesias, mental confusion, 
amnesia, narcolepsy, sonambulism, acute 
melancholia, insomnia, acute hysterical reac- 
tion, hallucinations, ete. are listed. Swartz 
(1953) reported a case of Meniére’s syn- 
drome; Borman (1947) reported a psychotic 
reaction; and Wyngaarden and _ Seevers 
(1951) reported convulsions in children. 

From 1950 on, experimental studies deal- 
ing with the action of Benadryl® upon the 
central nervous system appeared in the litera- 
ture. Swinyard et al. (1950) found that a 
dose of from 5-10 mg/kg. of Benadryl® modi- 
fied the seizure pattern of Metrazol. In 
larger doses, the Benadryl® synergized with 
the Metrazol and provoked severe, occasional- 
ly fatal, seizures in the experimental animal. 


1 Present addresses: R. Diaz Guerrero, Georgia 
23, Mexico D. F., Mexico; R. Feinstein and J. S. 
Gottlieb, Lafayette Clinic, 951 East Lafayette, De- 
troit, Mich. 


Almost simultaneously, Johns and Himwich 
(1950) reported that Benadryl® ‘‘cures’’ the 
forced circling movements in the seizure brain 
waves provoked by di-isopropyl flurophos- 
phate (DFP) in animals. They stated that 
doses of 2.6 mg/kg. are anti-convulsant but 
doses of 15 mg/kg. are convulsant whether 
or not DFP has been used before. They con- 
cluded that since only antihistaminics with 
atropine-like action produce these effects, and 
Since atropine produces them also, it is the 
atropine-like properties of antihistaminics 
which have the above-mentioned effects. 


Tanaka (1952) reported that intravenous 
injection of Benadryl® in the rabbit had a 
stimulating effect upon the central nervous 
system as shown by the appearance of fast 
waves in the EEG. Intra-ventricular injec- 
tions provoked a depressant effect similar to 
the barbiturate effect with high voltage fast 
and slow waves in the EEG. Javicoli (1952) 
found that in the rat, therapeutic doses of 
antihistaminics increased the narcosis induced 
by phenobarbital and that greater than the- 
rapettic doses produced such narcosis. In 
another area of research, Roback et al. (1952) 
found that doses as small as 10-15 mg. of 
Benadryl® provoked the same depression on 
the flicker fusion threshold as 96 mg. of Seco- 
nal. This indicates an outstanding depressive 
effect on visual sensory discrimination. Final- 
ly, in a very different area, Effron and Freed- 
man (1953), claim a 61 per cent improvement 
in a group of 44 children with varied mental 
illnesses from behavior disorders to schizo- 
phrenia while under therapeutic doses of 
Benadryl*. 

The present study was undertaken. to 
determine the effects of intravenously admin- 
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istered Benadryl® on the brain wave patterns 
of patients with seizures. During the course 
of the investigation the scope was extended 
to include patients undergoing electro-shock 
therapy. 


SUBJECTS 


The subjects consisted of 14 normal con- 
trols and 50 patients. 

The normal control group was comprised 
of 9 men and 5 women. The age range was 
22-36 years; the average age was 27 years. 
All subjects in the control group denied per- 
sonal and family history for seizures, mi- 
graine, and diseases of the central nervous 
system. No subject had a history of head 
trauma. 

The patient group was made up of 31 men 
and 19 women. The age range was 12-56 
years; the average age was 32 years. 

Table I shows the diagnostic distribution 
of the patient group. Twenty-one came for 


TABLE I 


Classification of patients 


Diagnostic category No. of 

Patients 
Seizures of unknown etiology 21 
During electro-shock treatment 10 
Seizures related to known head trauma 8 
Bizarre behavioral manifestations 6 
Miscellaneous; unclassified 5 
total 50 


testing because of seizures of unknown origin. 
Ten patients came after receiving 10-15 
(average 12) electro-shock treatments. Hight 
patients had seizures related to known head 
trauma. Six patients had evidence of per- 
sonality disorder and bizarre behavior. In the 
unclassified group, one patient had no spe- 
cific complaints and was undiagnosed; one 
patient had eclampsia; two patients had 
hysterical fainting spells; one patient had 
seizures that were probably hysterical; and 
one patient had a history of poorly described 
‘*fainting spells’’. 

Seizures were grand mal, focal, psycho- 
motor, or minor seizures of varying degree of 
severity. None of the patients had petit mal 
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seizures and none showed 3/sec. spike-wave 
activity on the EKG. 


METHOD 


All subjects were tested in a fasting state 
and.a routine EEG was done before injection 
of Benadryl®. Hyperventilation and photie 
stimulation were used as provocative proce- 
dures before injection of Benadryl®. All pa- 
tients on anti-convulsant or barbiturate med- 
ication discontinued medication 72 hours prior 
to testing. After the routine rest was com- 
pleted, Benadryl® was administered intra- 
venously at the rate of 10 mg. every 15 see. 
Five patients received 80 mg.; one patient 
received 60 mg.; 44 patients received 100 mg. 
All control subjects received 100 mg. Each 
records was run for 30 min. after the injection. 
At the end of the 30 min. period, photic 
stimulation was carried out. Hyperventilation 
was not repeated because almost all of the 
subjects were either drowsy or otherwise un- 
able to cooperate after receiving the Bena- 
dryl®.4 

RESULTS 


The results stated below pertain only to 
the 30 min. period following the injection of 
the drug. 


Control Group 

All 14 normal subjects had normal records 
before injection of Benadryl®. These remain- 
ed normal after the Benadryl® was admin- 
istered. Following injection, all 14 records 
showed varying degrees of electrical activity 
of the type associated with drowsiness and 
sleep. 


Patient Group 


Of the 50 patients, 28 had abnormal 
EKEG’s before injection of Benadryl®. Figure 
1 shows the abnormal EEG findings within 
each patient group before injection of Bena- 
dryl®. The records of 15 patients showed dif- 
fuse slow waves; the records of 13 patients 
showed diffuse paroxysmal (slow) activity; 
focal slowing was present in the records of 


1 Several subjects, especially in the post-shock 
group, became disturbed after the injection of the 
Benadryl®. This will be reported on in a separate: 
communication. 
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7 patients; focal slow bursts were present in 
the record of one patient; 3 patients showed 
diffuse spike-wave activity and 2 patients had 
focal spiking. It should be noted that some 
patients showed more than one type of ab- 
normal activity in their records. 


Abnormal EEG activity by potient group 
before injection of Benadryl 


be EJ Total number showing abnormolity 

ES Post shock 

s GJ Seizures of unknown origin 

a Post traumatic 

ior Ile ES) Bizorre behavioral manifestations a” 
3 GIB Miscellaneous, unclassified 


Number of potients 
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Fig. 1 


Abnormal EEG activity by patient group before 
injection of Benadryl®. 


Table II shows the effect of the drug on 
these records. A total of 21 electroencephalo- 
grams were improved following injection of 
Benadryl*. 

In the records of 7 patients, the abnormal 
activity was completely gone and the record 
was normal for the 30 min. period following 
the injection. The records of 14 patients were 
improved, either by the reduction of the per 
eent time of abnormal activity or by the 
disappearance of one form of abnormality. 
The record of one patient with diffuse slow 
waves before Benadryl® showed no change 
after injection of Benadryl*. 


The EEGs of 6 patients became more ab- 
normal after the administration of the drug 
by virtue of an increase in the per cent time 
of abnormal activity, or the introduction of 
another form of abnormality. One patient, 
whose EEG on two separate testings had 
shown only diffuse slow waves, showed spike- 
wave activity after Benadryl*. 

Figure 2 shows the effect of Benadryl* on 
specific EEG abnormality. The most marked 
improvement occurred in the records with dif- 
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TABLE II 
Effect of Benadryl® on abnormal EEGs 


No. of 
EEG’s 
Showing 
Change 


No. of 
Patients 


Abnormal before Benadryl® 28 


EEGs normal after Benadryl® " 
Diffuse slow waves abolished 5 
Diffuse slow bursts abolished 3 
Focal slow waves abolished 1 


EEGs abnormal but improved 
after Benadryl® 14* 


Diffuse slow bursts abolished 

or decreased 8 
Diffuse slow waves abolished 

or decreased 5 
Focal slow waves decreased 4 
Focal slow bursts decreased 1 
Focal spikes decreased 1 
Diffuse spike-wave decreased 1 


EEGs with increased abnormal 
activity after Benadryl® 6 
Diffuse spike-wave increased 2 
Focal spikes increased 2 
Diffuse spike-wave provoked 1 
Focal slow waves increased 1 


No change in EEG after 
Benadryl® 1 


*It should be noted that some patients showed 
more than one type of abnormal activity. 


Effect of Benadryl on Abnormal EEG Activity 
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Fig. 2 
Effect of Benadryl® upon specific abnormality. 
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fuse slow waves and diffuse slow bursts. 
Figure 3 illustrates the diminution of per 
cent time of slow burst activity in 8 patients. 
Figure 4A is from the record of a 25 year 
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Fig. 3 


Diminution in per cent time slow burst activity in 
8 patients. 


old woman who had received 8 electro-shock 
treatments. Figure 4B is from the record of 
the same patient after injection of Benadryl*. 
The diffuse slow waves seen in the pre-Bena- 
dryl® record were abolished after the drug 
was given. 

Twenty-two patients had normal records 
before administration of Benadryl*®. Table III 
shows the effect of the drug on these records. 
The records of 16 patients showed no change 
and remained normal. Abnormal activity, 
most commonly, spike and spike-wave, was 
provoked in the records of 5 patients. Figure 
5A is from the record of a 15-year old girl 
with grand mal seizures. The EEG before 


Benadryl® was normal. Figure 5B shows the 
diffuse spike-wave activity present after in- 
jection of Benadryl?. 
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TABLE III 
Effect of Benadryl® on normal EEGs 


No. of No. of 
EEG’s Patients 
Showing 
Change 
EEGs normal before 
Benadryl® 22 
EEGs normal after 
Benadryl® 16 
EEGs abnormal after 
Benadryl® 6 
Focal spike-wave provoked 3 
Focal slowing provoked 2 


Diffuse spike-wave provoked 1 


Three patients had clinical seizures fol- 
lowing injection of the drug. Two were grand 
mal seizures and one was a focal seizure. 


DISCUSSION 


The data indicate the following positive 
findings: 

1. In normal subjects with normal electro- 
encephalograms, Benadryl® in the dose used 
did not modify the EEG except for sleep. 
activity in varying degree. 

2. In patients with abnormal EEGs, or 
suffering from clinical conditions consistent 
with the expectation of abnormality in the 
EEG, the injection of Benadryl® in the dose 
used produced: (a) a consistent and at times 
dramatic reduction of generalized slow bursts. 
(12 out of 13 patients); (0) a consistent re- 
duction in generalized slow waves (11 out 
of 15 patients); (c) a marked tendency to. 
the aggravation or provocation of spike and 
spike wave activity (spike wave activity pro- 
voked in 5 patients; spike and spike wave 
activity increased in 4 patients). 

Focal slow waves were not affected by the: 
drug in a consistent manner (4 cases of focal 
slowing decreased, 1 case of focal slowing 
abolished, 2 cases of focal slowing provoked 
and 1 case of focal slowing increased). 


From these findings one may conclude. 
that Benadryl*® in the dosage used affects the 
abnormal EEG differentially depending upon 
the type of abnormality present. This lends. 
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validity to the view that different mechanisms upon the central nervous system. In the only 
are responsible for the different types of ab- reference available regarding the effects of 
normal waves. Benadryl® upon epileptic EEG patterns, 

In actuality, there is very little informa- Churchill and Gammon (1949), reporting on 
tion regarding the action of antihistaminics 10 patients with petit mal, found that with 
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Fig. 4 
A. Pre-injection record of 25-year old woman. This record was made the day after the 
patient had received the 8th of a series of electro-shock treatments.. 
B. Same patient, about 15 min. after injection of Benadryl®. 
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a dose range of from-30 to 125 mg. of Bena- 
dryl® intravenously there was a clear decrease 
in diffuse 3 per sec. spike-wave patterns. 
They also reported an increase in focal spike 
discharges in 2 cases. The authors cite Jasper 
and Droogleever-Fortuyn’s (1947) experimen- 
tal production of petit mal waves by stimula 
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tion of the thalamus and conclude that Bena- 
dryl® has a sedative action upon the thalamus. 
This sedative action, they further explain, re- 
leases the cortex from thalamic inhibition, ac- 
counting for the increase in focal spike dis- 


charges. 
Two other possible explanations for the 
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Fig. 5 
A. Pre-injection record of 15-year old girl complaining of grand-mal seizures. 
No abnormal EEG activity was seen during a 30-min. recording period. The patient was 
fasting. Photic stimulation and hyperventilation were provocative procedures used. 
B. Same patient, after injection of Benadry 
high voltage appears. The strips were selected 


18, Diffuse spike and slow-wave activity of 


from different portions of the post-Benedryl® 


action of Benadryl® are tenable: one at the 
pharmacological level, the other at the neuro- 
physiological level. 

Histamine has been found: 

1. To antagonize the convulsive effects of 
Neo-Antergan® (N-p-methoxylbenzyl-N’, N’- 
dimethyl-N-a-pyridylethylenediamine Male- 
ate) in mice in both small and large doses 
(Harrison 1952). 

2. To improve some epileptics and make 
others worse (Bottiglieri 1953). 

3. To give 100 per cent protection for 
periods of 25 to 40 sec. against the convulsive 
action of Metrazol but not against electrically 
induced seizures (Katjor 1950). 

On this basis, it is suggested that histamine 
and antihistaminics may have opposite effects 
on abnormal wave patterns in the EEG. Con- 
sequently, the different mechanisms of ab- 
normal wave formation may be tentatively 
identified as responding differentially at the 
pharmacological level. The striking disap- 
pearance of the diffuse slow waves and slow 
bursts in our ECT group together with some 
rather interesting behavioral reactions ob- 
served after the injection of Benadryl® ! lend 
further validity to this view. 

At the neurophysiological level, there is 
the possibility for a striking explanation. In 
this instance only one assumption is needed 
to explain the main observed effects: that 
Benadryl® in the dose used acts as a stim- 
ulant to the central nervous system of sub- 
jects with abnormal EEGs or with latent 
abnormality. If this is granted, then: 

1. The cells giving rise to slow waves on 
the EEG are stimulated to faster action which 
would account for the consistent reduction of 
the generalized slow waves. 

2. The cells which are already hyper- 
active will be stimulated further which would 
account for the increase in rapid spike activ- 
ity. 
The inconsistent effects of Benadryl® 
upon the focal slow waves of a few patients 
may be due to the variability in the mech- 
anisms responsible for their production. 

It should be noted that all of our normal 
subjects showed drowsiness but none of the 


1 To be reported separately. 
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patients did. To explain this added finding, 
the question is raised as to whether Benadryl® 
has a differential effect upon normal cells and 
those with disturbed function. 


Further study regarding these findings is 
indicated. 


SUMMARY 


A study was made of the effects of intra- 
venously injected diphenhydramine hydro- 
chloride (Benadryl®) on the electroencephalo- 
gram. The subjects consisted of: (1) a control 
series made up of persons without known 
disease of the central nervous system; (2) 
patients with known or suspected seizures; 
(3) patients undergoing electric convulsive 
therapy. All recordings were taken with the 
subject in fasting state. Hyperventilation and 
photic stimulation were used as provocative 
procedures. 


There were no changes in the EEGs of 
the control subjects following intravenous in- 
jection of Benadryl®. Patients who had bi- 
laterally synchronous bursts of diffuse slow 
activity in the pre-Benadryl® record showed 
a significant reduction of the slow activity 
after Benadryl®. Patients with focal spiking, 
or focal spike wave activity, in the pre- 
Benadryl® record showed a marked increase 
in the per cent time of the same type of ab- 
normal activity. In addition, Benadryl® was 
able to provoke focal spike and spike wave 
activity in patients who had normal records 
before administration of Benadryl*. 
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The discovery that hydrazides would safely 


and temporarily induce an epileptic state in 
animals led us to try hydrazides as con- 
vulsants in schizophrenic patients. The combi- 
nation of hydrazide pretreatment plus photic 
stimulation also has been used to produce 
grand mal seizures in schizophrenic patients 
in this electroencephalographic study. 

Photiec stimulation has been studied exten- 
sively for its effect on the norma! EEG (Ber- 
ger 1929; Adrian and Mathews 1935) and 
has been used in combination with subconvul- 
sive doses of pentylenetetrazole, 7 mg/kg., to 
produce grand mal seizures in schizophrenic 
patients (Gastaut 1950).. Ulett (1953) has 
used hexazole (Azozol) intravenously to pro- 
duce a lowered threshold for photic stimula- 
tion in the schizophrenic patient. A flicker- 
ing light 14-20/sec. is then used to produce 
‘‘photoshock’’ which may be either convulsive 
or subconvulsive, depending on the dose of 
hexazole administered. The use of hydrazides 
to produce grand mal seizures or to lower the 
threshold for photic stimulation has not been 
previously reported. 


CHEMICAL 


The hydrazides which have thus far been 
used in schizophrenic patients are: 


Isonicotinie acid hydrazide (isoniazid or 
INH) has also been studied and is the sub- 
ject of a separate report (Reilly e¢ al. 1953). 
Desoxypyridoxine was also studied for its 
convulsant effect. It differs from pyridoxine 
in that it has a methyl group instead of a 
methanol group on the 4 position of the pyri- 
dine ring. 

PHARMACOLOGICAL STUDIES 
ON HYDRAZIDES 


These hydrazides are effective convul- 
sants which, in animals after a latent period 
of one hour after dosing, produce repeated 
maximal seizures. These seizures are not pre- 
vented by diphenylhydantoin, pentobarbital, 
diphenhydramine, phenindamine, citrate, glu- 


tamate, acetate or histaminase. However, 
pyridoxine, acetone, atrolactamide, phenu- 
rone, trimethadione, phenobarbital, alpha- 


ketoglutarate, pyruvate and glucose are ef- 
fective antidotes in descending order (Jenney, 
and Lee 1951; Jenney, Smith, and Pfeiffer 
1953). Some of the known biochemical effects 
of hydrazides are inactivation of 1-glutamic 
decarboxylase (Killam 1954), carbonyl trap- 
ping, and inactivation of amine oxidases 
(Zeller 1942). 


: Mouse LD-50 I.V. 
Semicarbazide HNC — NH — NH, 114 + 4 mg/Kg. 
S 
Thiosemicarbazide HNC ~— NH -~ NH, Thio-S 14.7 + 1 mg/Kg. 
S 
Thiocarbohydrazide HN —_ aan — NH — NH, Thio-C 3.9 + .4 mg/Kg. 


1 Supported in part by Grants M-639 and M-875 
of the Mental Health Institute, U.S.P.H., and in part 
by a grant under the Illinois Mental Health Act. 


The convulsions produced by many unsub- 
stituted hydrazides, given in large amounts 
by any route, resemble grand mal epilepsy in 
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that major seizures appear intermittently 
after a latent period of one to two hours 
(Stephens et al. 1952). Other convulsant 
drugs, administered intravenously, act im- 
mediately, or, if given orally, produce con- 
tinuous seizures of the clonic type. 

Moreover, hydrazides lower the cerebral 
threshold for photic and auditory stimuli. 
Following their administration, flickering 
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The convulsant effects of hydrazides ap- 
pear slowly but resemble the action of penty]- 
enetetrazole rather than the effect of strych- 
nine. This was demonstrated by pretreating 
mice with subconvulsive doses of semicarba- 
zide and then infusing pentylenetetrazole or 
strychnine intravenously. The threshold-dose 
for strychnine is constant. However, the 
amount of pentylenetetrazole diminishes in 
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Fig. 1 
Effect of 1.66 per cent neutralized semicarbazide applied to the inferior rolandic area of 
the cerebral cortex of a curarized monkey. Monopolar electrocorticograms recorded with a 
ground to the tongue. Spiking initiates in the area of application and spreads slowly during 


a 25 min. interval. 


light or repeated sounds produce spikes of 
high potential in the electroencephalogram 
and myoclonic movements of the extremities. 
If the stimulation is continued, a grand mal 
seizure occurs. Forty mg/kg. of semicarbazide 
given intravenously produce grand mal sei- 
zures in man. When photic stimulation is 
used, the amount required is reduced to 25 
mg/kg. 


direct proportion to the size of the pretreat- 
ment dose of semicarbazide (Reilly et al. 
1953). Hydrazide induced seizures can be 
controlled by anticonvulsant drugs, or, more 
specifically, by intravenous or oral dosage 
of pyridoxine (vitamin B-6) (Jenney, Smith 
and Pfeiffer 1953). 

Prior to use of these hydrazides in schizo- 
phrenic patients the dog was used to deter- 
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mine any change in pharmacodynamic re- 
sponse to acetylcholine, histamine or epineph- 
rine. This study was necessitated by the 
report that animal monoamine oxidase activ- 
ity is inhibited by these compounds. The 
normal response of these neurohumoral agents 
was not modified by hydrazides. Chronic 
toxicity studies in the rat and mouse indicated 
that daily dosage of each hydrazide was well 
tolerated without specific injury to testable 
organ systems. 


ELECTROENCEPHALOGRAPHIC 
STUDIES 


In pilot studies, Stephens et al. (1952) 
used a 10 per cent solution of semicarbazide 
hydrochloride intravenously and produced 
grand mal convulsions from 2 to 12 hours 
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driven seizures first showed augmented alpha 
potential in frontal and occipital leads. With 
the onset of myoclonus, synchronized high 
voltage spikes, 14-20/sec., appeared early in 
the frontal or occipital leads with eventual 
spread to all cortical areas. 

Lowell, Ross-Dugan, and Piazza (1952) 
have applied a 1.66 per cent solution of semi- 
carbazide to the exposed cerebral cortex of 
the curarized monkey. Electrocorticograms 
showed that after a latent period of 20 min. 
small spikes begin in the area of application 
and slowly grow in amplitude into high 
voltage peaks. This spiking activity spreads 
slowly over a period of 40 min. to consecutive 
areas of the cortex and finally the entire 
hemisphere when generalized seizures occur 
(fig. 1). This local action is typified as a 
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Fig. 2 
Spontaneous seizure in a male schizophrenic patient. Seizure occurred 5 hours after an oral 


dose of semicarbazide. 


following injection of a mean dose of 40 
mg/kg. in 14 patients. An average oral dosage 
of 4 g. to 30 patients also produced seizures. 
These experimenters also noted that semi- 
carbazide appeared to lower the epileptogenic 
threshold to photic stimulation so that 3 to 
4 hours following an oral dose of 3 g. or an 
intravenous dose of 25 mg/kg., the applica- 
tion of a flickering light (14-20/see.) pro- 
duced seizures. EEG recordings of photically 


Monopolar scalp recordings with both ears as the reference ground. 


slowly increasing excitability and lowering of 
threshold so that the sequence of events may 
be observed in ‘‘slow-motion’’ detail. 
Preston (1955) has found with depth elec- 
trodes in the curarized cat that thiosemi- 
carbazide seizures appear first as abnormal 
electrical activity in the central (paraque- 
ductal) grey and the head of the caudate 
nucleus (2 to 7/seec. slow waves or 14 to 
16/see. high amplitude spikes). The activity 
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from these areas in all instances preceded by 
30 min. any abnormal cortical activity. Syn- 
chronization of epileptic activity next becomes 
apparent in the nucleus parafascicularis, then 
the reticular formation and finally the cortex 
where the epileptic activity is first found in 
those areas where Starzl and Magoun (1951) 
reported the recruiting response to be the 
most prevalent. 

Because of Preston’s findings in the cat 
which indicate that these thiosemicarbazide 
seizures arise in the central (paraqueductal) 
grey or the head of the caudate nucleus, we 
attempted to confirm this finding in patients 
prepared for prefrontal lobotomy. Through 
trephine holes in the skulls of patients under 
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the site of action of thiosemicarbazide in 
anesthetized patients. 

Numerous photic stimulation induced sei- 
zures have been recorded both in animals and 
man. The EEG effects of one spontaneous 
seizure in man was recorded 5 hours after an 
oral dose of 5.0 g. of semicarbazide (fig. 2). 
The record shows 5 to 6 per sec., slow waves 
in all leads with numerous sharp spikes super- 
imposed. This continues for 20 sec. before the 
erand mal seizures spikes and muscle poten- 
tial obliterate the record. Five spontaneous 
seizures were recorded in 5 different schi- 
zophrenic patients from 105 min. to 165 min. 
after oral doses of 150 to 400 mg. of Thio-S 
(fig. 3). These records show 5 to 6 per sec. 


RH.MALE. 400 MGM. THIOGEMICARBAZIDE ORALLY 


GEIZURE IN 105 MIN. 
Fig. 3 


Spontaneous seizure in a male schizophrenic patient. 


oral dose of 400 mg. of Thio-S. 


thiopental anesthesia depth electrodes were 
stereotaxically oriented to the region of the 
caudate nucleus and the aqueductal grey. 
Intravenous doses of 20, 30 and even 40 
mg/kg. of thiosemicarbazide were ineffective 
in producing convulsive activity in these pat- 
ients under thiopental anesthesia. This is 
surprising since in dogs all of the hydrazides 
show an analeptic effect against pentobarbital 
anesthesia and occasionally the dog has con- 
tinuous clonic seizures in spite of the barbit- 
urate anesthesia. Further animal studies 
must be done before we again try to localize 


Seizure occurred 105 min. after an 


slow wave activity in all leads which in some 
cases continues for 60 to 90 sec. before the 
grand mal record supervenes. Arousing the 
patient during this slow wave activity results 
in suppression of the abnormal activity. From 
the EKG records on patients it is thought that 
the spontaneous seizures with Thio-S and 
Thio-C arise deeper in the brain than do those 
produced by semicarbazide. Thio-C is more 
potent than Thio-S and is the most rapidly 
acting hydrazide for the production of sei- 
zures. An oral dose of 100 to 200 mg. will pro- 
duce a spontaneous seizure in 1 to 2 hours. A 
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mute, but cooperative, male schizophrenic 
patient was grossly overdosed with 300 mg. 
of Thio-C. Photic stimulation (20/sec.) with 
a Grass photic stimulator (model PS-1) set at 
intensity 2 was applied at 10 min. intervals 
before, during and after the Thio-C admin- 
istration (fig. 4). At 65 min. spontaneous epil- 
eptic activity (spikes and 5/sec. slow waves) 
appeared. At 68 min. photic stimulation pro- 
duced spikes in the frontal leads. At 70 min. 
without photic stimulation almost continuous 
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Five hours later a control KEG was taken and 
photic stimulation (16/sec.) was applied and 
recorded in channel 8 from a photo-cell on 
the patient’s forehead (fig. 5). When strong 
activation of the EEG in all leads was present 
225 mg. of pyridoxine was given intrave- 
nously in a period of 16 sec. In spite of con- 
tinued photic stimulation the abnormal activ- 
ity in the EEG slowly receded over a period 
of 8 min. and a grand mal seizure was ap- 
parently prevented. 
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Spontaneous seizure and the effect of photic stimulation in a male schizophrenic patient after 
an oral dose of 300 mg. of Thio-C. Seizure occurred 71 min. after dosing. 


small spikes plus slow wave activity (3/sec.) 
appeared and continued for 50 sec. until the 
patient had a typical grand mal seizure. 
During the post-ictal depression the patient 
was given 240 mg. of pyridoxine intrave- 
nously. When tested again at 92 min. the ab- 
normal response to photic stimulation could 
not be elicited. 

Finally, the rapidity of action of pyri- 
doxine was determined in a schizophrenic 
patient given 5.0 g. of semicarbazide orally. 


DESOXYPYRIDOXINE CONVULSANT 


THERAPY 
Studies by Williams and Wiegand (1955) 
have shown that thiosemicarbazide and 


desoxypyridoxine (desoxy) both act alike in 
increasing the xanthurenic acid excretion and 
others have found that desoxy produces con- 
vulsions in children. -In the mouse desoxy is 
as potent as semicarbazide but in the dog 
desoxy is an extremely potent convulsant. 
Desoxy applied to the cortex of mice produces 
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convulsions. It has been shown that the effects 
of both of these drugs are effectively anta- 
gonized by pyridoxine. 

Therefore, the immediate purpose of this 
study in man was to find if desoxy acts like 
hydrazides to lower the threshold for photic 
stimulation, and, if so, what dose is necessary 
for this effect. Biehl and Vilter (1954) have 
published on the effects of chronic administra- 
tion of this drug in man and therefore the 
eautious trial of single large oral doses in 
schizophrenic patients appeared justified 
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Injection 225 mgm. Pyridoxine 


Knowing this to be the case, each lot of desoxy 
was treated as a new drug. The patients were 
then started on an initial dose of 500 mg. of 
desoxy 7. The dose was increased by 250 mg. 
on each trial day until the endpoint was 
reached. 

The drug was given in the morning and 
the patients were given photic stimulation 
each hour for 5 min. over a 6 hour period. 
The pulse and blood pressure were taken 
before the drug was given and just prior to 
each period of photic stimulation. These ob- 
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Fig. 5 
Antidotal effect of pyridoxine on the photic stimulation induced seizure activity occurring 


5 hours after an oral dose of 510 g. of semicarbazide. 


A dose of 225 mg. of pyridoxine given 


intravenously in 16 sec. eliminated the seizure activity in 8 min. 


without further chronic toxicity experiments 
in animals. 


Two patients were treated with the desoxy. 
The patients were started on capsules con- 
taining 130 mg. of desoxy?. The dose was 
imereased by 130 mg. on each trial day until 
the supply was exhausted. Commercial sam- 
ples of desoxy vary in their purity and are 
occasionally contaminated with pyridoxine. 


1 Donated by Hoffmann-LaRoche Company, Nu- 
tley, N. J. 


servations were within normal limits. The 
patients were periodically checked for signs 
of pyridoxine deficiency and WBC, Hb, RBC 
and differential counts were done once a 
week. The patients were antidoted with 20 
mg. of pyridoxine im. when the endpoint 
was reached or when the experiment was 
terminated. M. L. (a male schizophrenic pat- 
ient) was carried to 910 mg. and D. U. (a 
female schizophrenic patient) to: 1,170 mg. of 


2 (Nutritional Biochemicals Corporation). 
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the Roche desoxy. Intermittent clonus of the 
orbicularis muscles was noted in each patient 
but there was no other myoclonus and there 
were no changes in the pulse, or leukocyte 
count and there were no signs of vitamin 
deficiency. M. L. was then carried to a 
maximum single oral dose of 1,000 mg. of the 
NBC desoxy. Two hours after receiving 1,000 
mg. of this product he had generalized myo- 
elonus after 130 sec. of photic stimulation. 
He had no hematological or physical changes. 
D. U. was carried to 1,500 mg. of the NBC 
desoxy with no effects except for intermittent 
eclonus of the orbicularis muscles. The in- 
vestigation stopped with this dose. 


In supplementary studies to compare 
desoxy with hydrazides, it was found that 
M. L. had myoclonus with 100 mg. of Thio-S 
and with 1,500 mg. of semicarbazide. In 
previous experiments it had been found that 
the lowest dose of Thio-S to cause D. U. to 
have a convulsion was 180 mg., and in exper- 
iments with 59 patients the lowest dose which 
eaused myoclonus with photic stimulation was 
180 mg. of Thio-S and 3,000 mg. of semi- 
earbazide. M. L. reached the endpoint of 
myoclonus with two-thirds of the dose of 
desoxy which failed to affect D. U. Therefore, 
it is evident that M. L. has a lower than nor- 
mal threshold for myoclonus with photic stim- 
ulation after either hydrazide or desoxy 
induced pyridoxine deficiency. The observa- 
tion that D. U. did not show myoclonus with 
1,500 mg. of desoxy is a better index of the 
lack of potency than the fact that M. L. had 
myoclonus with 1,000 mg. It was therefore 
concluded that desoxy is approximately as 
potent as semicarbazide and only one-tenth 
as potent as Thio-S in man. Because of the 
expense of the drug and the large dose re- 
quired, desoxy is not a suitable convulsant 
drug for routine use in, the treatment of 
schizophrenics. 


DISCUSSION 


The complete evidence for the role of CNS 
pyridoxine deficiency as the prime factor in 
the convulsant phenomena eannot be ade- 
quately detailed in this publication. How- 


ever, the following observations indicate pyri- 
doxine deficiency to be a most important 
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etiological factor: (1) The slow onset of con- 
vulsions points to a biochemical lesion rather 
than any direct action of the drug per se. 
(2) The seizures can be antidoted by pyri- 
doxine in both animals and man. (3) The con- 
vulsant action of hydrazides is additive with 
the convulsant action of desoxypyridoxine — 
a known pyridoxine antagonist. (4) In ani- 
mals and man tryptophane loading and 
hydrazide treatment result in the urinary 
excretion of xanthurenic acid. This abnormal 
metabolite is excreted only in pyridoxine de- 
ficiency. (5) Williams and Abdulian (1956) 
of this laboratory have shown by microbio- 
logical assay that these hydrazides can pro- 
duce a 40-fold increase in the urinary pyri- 
doxine activity. (6) Williams and Bain 
(1956) of this laboratory have used chromato- 
eraphy to separate the urinary pyridoxine 
complex and have identified this as the hydra- 
zone of pyridoxal. Finally, work now in 
progress on tissue levels of pyridoxine indi- 
cate a significant reduction in tissue pyri- 
doxine levels after hydrazide administration. 
These biochemical studies will be reported in 
details in future publications. 

It is evident from these observations that 
various hydrazides can be used to produce 
an acute pyridoxine deficiency which results 
in spontaneous epileptic seizures in the schi- 
zophrenie patient. Other signs of pyridoxine 
deficiency other than the effect on the central 
nervous system have been notably lacking in 
these studies. Isoniazid and one other exper- 
imental hydrazide produced a high incidence 
of tachyeardia which caused us to discard 
these as possible convulsants for the treat- 
ment of schizophrenia. 


EKG studies indicate that photie stimula- 
tion induced seizures are preceded by rhyth- 
mie high potential spikes in the frontal area 
of the brain. Spontaneous seizures are ac- 
companied by 3 to 5 per see. slow waves re- 
eorded from all of the conventional scalp 
electrodes. An attempt in man to confirm the 
animal findings that these seizures originate 
near the central paraqueductal grey was un- 
successful — presumably because of the thio- 
pental anesthesia. The EEG abnormalities are 
antidoted within 8 min. after an intravenous 
injection of pyridoxine. 
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The most prominent side action of hydra- 
zide convulsant therapy has been an appreci- 
able incidence of nausea and vomiting which 
occured in an incidence of 43 per cent of the 
female patients treated with semicarbazide 
but was reduced to 25 per cent in females 
when the most potent hydrazide Thio-C was 
used. This vomiting occurs 45 to 60 min. 
after the oral dosage and must therefore be 
due to the action of hydrazides on the central 
nervous system. Since pyridoxine has been 
used for the treatment of hyperemesis gravi- 
darum this finding of possible central emetic 
action with acute pyridoxine deficiency pro- 
duced by hydrazides added credence to the 
clinical use of pyridoxine for the treatment 
of specific types of vomiting. We have used 
large doses of atropine in an attempt to 
decrease the incidence of vomiting with semi- 
earbazide but these trials were completely un- 
successful. Perhaps chlorpromazine might be 
effective in preventing this side effect but we 
have not used it in these pilot studies since 
we did not wish to complicate the degree of 
improvement in the patients’ schizophrenia by 
the addition of a drug known to be somewhat 
effective in this disorder. That pyridoxine 
is an effective antidote for hydrazide con- 
vulsions has been shown by our EEG studies 
and by the fact that no after-seizures have 
occurred since the use of pyridoxine as an 
antidote. 


The use of hydrazides to produce convul- 
sions in the schizophrenic patient can be 
psychologically less traumatic than is elec- 
troconvulsive therapy. The patient can be 
given a capsule containing 200 mg. of Thio-C, 
restrained lightly in bed, and within one or 
two hours a grand mal seizure will occur 
which simulates an idiopathic grand mal 
seizure. During the post-ictal depression the 
patient can be given 50 to 200 mg. of pyri- 
doxine, either intravenously, intramuscularly, 
or orally, and this will completely antidote 
the convulsive syndrome. Under these cir- 
cumstances the effect of convulsions alone can 
be studied in the schizophrenic patient with- 
out the added psychic trauma of applying 
electrodes to the patient’s forehead. 

The most challenging finding in this study 
is the production of temporary epilepsy in 
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the schizophrenic patient by biochemical 
means. While the exact biochemical action 
responsible for the epilepsy is not yet known, 
the fact that pyridoxine will antidote the con- 
vulsions is an important lead both in this 
experimental therapy and in our knowledge 
of this type of metabolic epilepsy. 


SUMMARY 


Three hydrazides, semicarbazide, thiosemi- 
carbazide and thiocarbohydrazide, were given 
orally to schizophrenic patients to produce a 
temporary epileptic state for a 1 to 5 hour 
period. During this time, seizures may occur 
spontaneously or they may be induced by 
auditory or photic stimulation. The photic 
stimulation induced seizure or spontaneous 
seizure is thought to be less traumatic than 
electrically induced seizures. Pyridoxine will 
antidote completely this temporary epileptic 
state. Thiocarbohydrazide is the most potent 
hydrazide for the production of this epileptic 
state. An oral dose of 100 to 200 mg. of 
Thio-C will produce a spontaneous seizure in 
1 to 3 hours. Hydrazides produce vomiting 
as a side action which is apparently central in 
origin. Electroencephalographie studies in 
animals and man indicate that these seizures 
all probably originate subcortically. It re- 
mains to be determined whether hydrazide 
convulsions are more effective in schizophre- 
nia than are electrically induced convulsions. 
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‘*In Brain, October 1889, (see p. 406) Dr. Beevor and I record a case 
of epileptic attacks with a crude sensation of smell and a dreamy state; 
there was tumour of the right temporosphenoidal lobe. In that paper Dr. 
Beevor refers to cases previously recorded of epileptic attacks with warning 
of smell. In the Lancet, January 14, 1899, I published a note on 
what I call the Uncinate Group of epileptic fits. I there consider the 
asphyxia in slight fits of some cases of this group, and suggest, having 
regard to some researches of Mr. W. G. Spencer (Transactions of Royal 
Society, vol. CLXXXV, 1894 B, pp. 609-57), that the asphyxia may be owing 
to inhibition of the respiratory (medulla) centre by discharge spreading 


from a discharge lesion of the uncinate gyrus to the cortical centre for 
arrest of respiration; this arrest centre is close in front of the uncinate 
gyrus.’’ 


HUGHLINGS JACKSON 
Brain, vol. X XI, 1898 p. 580 


SLEEP AS A GENERAL ACTIVATION PROCEDURE 
IN ELECTROENCEPHALOGRAPHY? 


DANIEL SILVERMAN, M.D. 


With the technical assistance of T. SANNIT, B.S. and S. Prwoz, B.A. 
Department of Neurology, Graduate School of Medicine, Graduate Hospital, 


Since Gibbs, Gibbs and Fuster (1947) 
first observed that sleep activates epilepto- 
genic activity, there have been a number of 
confirmatory studies in the literature (Gibbs 
et al. 1947, 1948, 1952; Fuster et al. 1949; 
Kellaway 1950; Delay et al. 1950; Fishgold 
et al. 1950; Wayne 1950; Merlis et al. 1951 
and others). There are only scattered reports 
on the effect of the sleep state on the EEG 
in other pathologic conditions. Cress and 
Gibbs (1948) pointed out a characteristic 
suppression of the 14 ¢/sec. sleep spindles in 
the affected hemispheres of hemiplegics; 
Grossman (1949) described an absence of 
or a distortion of arousal patterns of the 
sleep state EEG in organically diseased brain 
areas; Wayne (1950) found that asym- 
metries in sleep pointed toward focal struc- 
tural defects; Passouant (1950) reported sup- 
pression of sleep spindles in local cerebral 
atrophies of children; Grossman, Golub and 
Merlis (1952) studied the sleep state record- 
ings of individuals with organic cerebral le- 
sions who had waking state delta foci and 
concluded that persistence of foci was evid- 
ence for the epileptogenicity of the lesion; 
Alema’ and Sinisi (1951) and Pampiglione 
(1952) described cases in which suppression 
of barbiturate-induced fast activity was a 
means for localization of cerebral lesions. 
This investigation was undertaken to deter- 
mine the relative value of recording in the 
sleep state on all types of cases referred for 
electroencephalographic study. 


1 Presented at the October 1955 joint meeting of 
the Eastern and Southern Electroencephalographie 
Societies, Bethesda, Md. 


University of Pennsylvania, Philadelphia, Pa. 
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METHOD 


An attempt to obtain a sleep state record- 
ing was made on 1,000 consecutive patients 
referred for routine electroencephalography 
to the EEG Laboratory of the Graduate Hos- 
pital. Since not infrequently patients were 
fearful of the procedure and of being ‘‘ put to 
sleep’’, the purpose and technique of the test 
were explained in simple terms and the pa- 
tients were told that any medication was to 
help relax their muscles in order to obtain a 
clearer picture of their brain waves. All tests 
were taken with the patient reclining on a 
hospital cot in a semi-darkened, quiet but by 
no means sound-proofed room. Fifteen scalp 
placements, with electrodes over the frontal, 
motor (central), parietal, occipital, anterior 
temporal, temporal and posterior temporal 
areas of each hemisphere and the vertex were 
used, and linkages of scalp to scalp and of 
scalp to ear types were employed, both in the 
waking and sleep states. All records were 
made on a type III eight channel Grass elec- 
troencephalograph. Unless sedation was con- 
traindicated, adults were given 750 mg. of 
Dormison orally at the beginning of the EEG 
study; children were given smaller doses 
(250 to 500 mg.), either orally or rectally. 
In this manner a sleep state approximating 
physiologic sleep electrographically (Tikel 
and Tiikel 1952; Levin 1953; Henry 1953) 
was obtained in the majority of cases. If, 
after 45 min. of recording, sleep was not im- 
minent, adults were given an additional cap- 
sule of Seconal g. 1144 (children, g. 34) ; this 
was necessary in about one-fifth of the cases. 
Recording was continued usually for another 
hour before the sleep attempt was abandoned. 
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Records of the sleep state were analyzed ac- 
cording to the types of electrical dysfunction 
and their contribution to the total EEG 
evaluation, and then correlated with the 
final diagnoses. 


DANIEL SILVERMAN 


activation by hyperventilation, apnoea or pho- 
tic stimulation, were found in 123. Significant 
abnormalities, defined as more crucial for 
the EEG evaluation, having appeared not at 
all or only suggestively in the remainder of 


TABLE I 
SUMMARY OF DATA 


EEG classification of all records 


Total Abnormal 

Sleep Sleep 

records records Normal Minimal Non-Focal Focal Total 
Epilepsy 260 123 61 35 112 92 300 
Functional disorders 193 8 190 13 5 3 211 
Brain tumors, suspect 59 9 34 9 8 12 63 
Brain tumors, verified 57 8 5 5 4 59 73 
Vascular disorders 106 16 34 22 14 49 119 
Post-traumatic disorders 90 22 51 8 8 32 99 
Degenerative diseases 45 1 33 6 6 4 49. 
Miscellaneous diseases 71 14 40 15 16 15 86 
Totals 881 201 448 113 173 266 1000 


RESULTS 


Of the 1,000 electroencephalograms, rec- 
ords of the sleep state were obtained in 797 
and of the drowsy state in an additional 84. 
Abnormalities of diagnostic helpfulness were 
seen in 201 of the 881 records of the sleep or 
drowsy state. Contributory abnormalities, 
defined as those which confirmed what may 
have appeared in the waking record or in 


the record, were found in 78. Tables I and II 
list these according to diagnostic categories 
and ERG classification. 

Obviously, consistent with the findings of 
the previously mentioned investigations, sleep 
activation was most effective in this study in 
epilepsy ; 61 per cent of the abnormalities oc- 
curred in this diagnostic category. These ab- 
normalities have been well described in the 


TABLE II 
DIAGNOSTICALLY HELPFUL EEG ABNORMALITIES IN SLEEP 


Significant Contributory 
EEG Classification Total EEG Classification Total 
Minimal Non-Focal Focal Minimal Non-Focal Focal 
Epilepsy 13 13 21 47 2 32 42 76 
Functional disorders 8 0 0 8 0 0 0 0 
Brain tumors, suspect 2 0 0 2 1 1 5 7 
Brain tumors, verified 0 0 0 0 0 0 8 8 
Vascular disorders 4 0 3 7 1 0 8 9 
Post-traumatic disorders 3 4 3 10 1 1 10 12 
Degenerative diseases 0 0 0 0 0 0 1 1 
Miscellaneous diseases 2 0 2 4 3 3 4 10 
Totals 32 17 29 78 8 37 78 128 


SLEEP AS GENERAL ACTIVATION IN EEG 


literature. In this series, during the sleep 
recordings there were 27 with generalized 
spike-wave formations, 26 with random or 
rhythmic generalized spikes, 5 with other 
generalized paroxysmal formations, 29 with 
focal spikes or sharp waves and 7 with focal 
slow wave discharges. 

Sleep was usually normal in the functional 
group. There were, however, 8 individuals 
whose records were classified as minimal (or 
borderline) abnormal on the basis of the sleep 
state potentials. One, a behavior problem 
child, had random spiking, and the others, 
neurotic adults, had consistent asymmetries 
during sleep. These were rhythmic slow 
waves (fig. 1), often sharp, occasionally spike- 
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ing the sleep state potentials: (1) the per- 
sistence, exaggeration or masking of the 
waking state slow wave focus, and (2) the 
presence or absence of distortion (usually sup- 
pression) of the normal sleep spindles and 
slowing. At times the slow wave focus was 
exaggerated during sleep without noticeable 
depression of the sleep spindles. Most com- 
monly the persistence of the slow wave focus 
was combined with some depression of the 
sleep spindles (fig. 2). Sometimes there was 
a disappearance of all focal aspects in the 
sleep state. In this series there was no in- 
stance in which sleep revealed a hidden focus. 
However, in a recent case of a left parieto- 
occipital meningioma (not included in this 
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like, occurring usually maximally in one 
temporal area. This kind of sleep asymmetry 
was also seen not infrequently among the 
minimal abnormal records in epileptics and 
occasionally in other diagnostic categories. 

In the brain tumors and tumor suspects, 
recording during the sleep state did not prove 
of crucial value in the EEG interpretations. 
Two chief variables were involved in evaluat- 


series), where the resting record showed dif- 
fuse, rhythmic 7 c/sec. waves slightly more 
prominent on the left and on the nasal leads, 
the sleep state record revealed occasional runs 
of rhythmic notched 5 ¢c/see. waves which 
occurred significantly over the site of the 
tumor (fig. 3). 

The value of sleep activation in cerebro- 
vascular disorders was not nearly as gratify- 
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ing as expected on the basis of the original sleep spindles. This (fig. 4) was found in 
publication by Cress and Gibbs (op. cit.) the minority of cases (12) and only occasion- 
who described fairly consistent depression of ally was it the crucial factor in EEG evalua- 
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tion. More often, focal slow or sharp waves In post-coneussion syndrome and _ post- 
persisting during sleep (fig. 5) were the traumatic conditions sleep proved to be a 
localizing features (28 cases). definitely useful activation procedure. Many 
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POST-TRAUMATIC SYNDROME 
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of these cases were mild concussions, examined records. In almost half the abnormal records, 
many months after the injuries for medico- sleep contributed to the electroencephalo- 


legal evaluation, and had, of course, normal graphic evaluation. The types of abnormal- 
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ities seen in the sleep state were focal spikes 
(9 cases) (fig. 6) which were random or 
rhythmic, resembling the 14 or 6 ¢/sec. pos- 
itive spikes of Gibbs classification : (Gibbs 
1952) ; asymmetric slow or sharp waves (6 
cases); generalized spikes (5 cases) which, 
when rhythmic, were again similar to the 
positive spike dysrhythmia described by Gibbs 


323 


foci in sleep, 2 had diminished foci, 8 re- 
mained the same during sleep, while 5 had 
no sleep records. In the post-traumatic group, 
15 of the 99 patients had seizures during 
the course of their illness, and of these 11 had 
abnormal EEG’s; 4 of the 11 had increased 
focal abnormalities in sleep, 1 had generalized 
spiking, 1 had a similar abnormality in the 
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(fig. 7) ; and focal spike-waves or generalized 
spike-waves (1 case each) (fig. 8). 

_ Recording in the sleep state was of prac- 
tically no value in degenerative diseases and 
of occasional value in the miscellaneous group 
of diseases. 


DISCUSSION 


Grossman et al. suggested that delta foci 
which persist from the waking to the sleep 
state correlated with potentially epileptogenic 
lesions. This present study partly supported 
this hypothesis. Among the brain tumors, there 
were 19 cases with seizures and focally ab- 
normal EEG’s; 4 of these had increased delta 


sleep and waking states, 3 had less prominent 
or no abnormalities in sleep and 2 had no 
sleep state recordings. Thus it appeared that 
while seizures in the course of brain trauma 
or tumor increased the likelihood of a corre- 
lation with delta foci persisting or increasing 
in sleep, this was by no means an invariable 
rule; conversely, persisting or exaggerated 
delta foci in the sleep state did not indicate a 
convulsive state. Hence, there must be fac- 
tors, as yet undetermined, other than epilepto- 
genicity that are involved in the persistence 
or exaggeration of delta foci in the sleep state. 
Further investigation to elucidate this pro- 
blem by the study of verified brain tumors is 
in progress. 
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SUMMARY 


Sleep or drowsy state recordings were 
obtained in 881 of 1,000 consecutive EEG 
studies. Abnormalities of significant value 
in the EEG evaluations were encountered in 
78 and of contributory value in 123. Sleep 
was most useful in the study of the epilepsies ; 
more than half of the abnormalities were seen 
in this diagnostic category. Sleep was also of 
definite -value in the examination of post- 
traumatic cases. The usefulness in other 
brain diseases was less striking. Nevertheless, 
it is our opinion that, particularly when the 
waking state record is inconclusive, recording 
during the sleep state may yield valuable in- 
formation and should.be used whenever pos- 
sible. 
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In some previous communications from this lab- 
oratory (Barlow and Brazier 1954; Brazier and Bar- 
low 1955; Brazier and Casby 1951, 1952) the prin- 
ciples and technique of correlation analysis as applied 
to electroencephalography have been described. The 
general principles of such application have also been 
discussed by Dawson (1954) and by Wiener and 
Brazier (1954). The present communication gives 
samples of the type of information made available 
by this method in some clinical cases. The apparatus 
and technique will not be described in detail here, as 
both an outline (Barlow and Brazier 1954) and 
complete construction details for the instrumentation 
(Barlow and Brown 1955) have been published. The 
latter publication is from the Research Laboratory 
of Electronics at the Massachusetts Institute of Tech- 
nology, where the apparatus was developed and con- 
structed in collaboration with R. M. Brown and W. 
A. Rosenblith with whom a joint project of research 
is in progress, of which this report concerns only a 
fragment. 


CLINICAL APPLICATION 


Examples of only two of the possible applications 
of this technique to clinical cases will be presented 
at this time: autocorrelation of the EEG, which ex- 
tracts only periodic rhythms from the melée of brain 
potentials present, and, secondly, a special applica- 
tion of crosscorrelation to the analysis of evoked re- 
sponses by which those potential changes that follow 
the stimulus with a consistent time course receive 
especial emphasis. 


AUTOCORRELATION 


The EEG is recorded simultaneously on an ink- 
writing electroencephalograph as a voltage-time graph 


1 Presented in synopsis at the annual meeting of 
the American Electroencephalographic Society, Chi- 
eago, June 1955. 

2 Aided by grant #B 369 from the U. S. Public 
Health Service and grant #113-141 Office of Naval 
Research. 
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and on a 5-channel (frequency modulated) tape re- 
corder. Autocorrelation is a series of comparisons: 
of any one electroencephalogram with itself shifted in 
time, the comparison being taken for very many 
delay steps. This process, which is done electronically 
(Barlow and Brazier 1954; Barlow and Brown 
1955) consists of taking the values of amplitude 
continuously along the curve of an EEG and of the 
same EEG displaced in time, multiplying them, inte- 
grating the products and normalizing. At each 
value of delay time used, an Esterline-Angus ink- 
writer records a pen deflection that is proportional 
to the correlation function at that delay step. Fuller 
explanation of this procedure will be found in pre- 
vious publications as listed in the references at the 
end of this paper. 

When a simple periodic wave (a sine-wave) is 
compared with itself in this way the resultant 
correlogram is itself sinusoidal (see, for example, 
fig. 1A). When only non-periodic (or random) po- 
tentials are autocorrelated, the result is an expo- 
nential-type curve rapidly decaying from full cor- 
relation (when the original is compared with itself 
without any delay) to zero correlation, without any 
periodically returning positive correlation (see fig. 
1B). 

When both classes of potentials are present, both 
periodic and aperiodic, as is usual in the EEG, the 
correlogram shows a periodically recurrent correla- 
tion, alternately positive and negative, riding on the 
initial decay curve caused by the aperiodic compo- 
nents, and usually outiasting it to comparatively large 
values of delay times (see fig. 2 below). In some 
subjects a periodically recurring correlation is also 
present that persists to delay times of considerable 
length. This phenomenon and some of its implications 
have been discussed by Wiener (1955) and will not 
be further described in this communication. 


RESULTS 


Figure 2 illustrates 2 autocorrelograms of the 
parieto-occipital EEGs of a normal subject, recorded 
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from the two hemispheres simultaneously. Mounted 
below each is a sample of the simultaneously re- 
eorded inkwritten trace. In this example the corre- 
lograms are of 1 min. EEG runs whereas, of course, 
only a few seconds of the ink trace can be repro- 
duced. In all the examples shown, a time constant 
of 0.2 see. was used for the EEG. 
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Fig. 1 

Autocorrelation of known signal sources. 

A. Autocorrelation of a 20 ¢/see. sine wave. Length 
of sample 50 sec. The first and last few pen 
excursions indicate the baseline, i.e. the output of 
the correlator when there is no input. The figure 
indicates the relative degrees of correlation (pos- 
itive or negative) of the sine wave with respect 
to itself at successively increasing delays (in steps 
of 1.25 msec.), beginning with maximum positive 
correlation at zero delay. The longest delay shown 
is 215 msec. 

. Autocorrelation of noise after passage through a 
low-pass RC filter with cutoff (i.e. half power 
point) at 50 c/sec. Sample length 20 sec., steps 
of delay 0.25 msec., maximum delay 30 msec. 
The figure indicates the approximately exponential 
form of the autocorrelation function of this type 
of noise. 


These correlograms are from a normal man and 
they demonstrate that at small delay steps there is 
a periodie rhythm riding on the exponential curve due 
to his irregular waves and then persisting at longer 
delay steps in a more purely oscillatory form. The 
delay steps are at intervals of 5 msee., and since 
18 pen deflections define a full 
oscillation, the frequency of his rhythm is 11 ¢/see. 
From the limited number of normal individuals whose 


eyele of each 
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correlograms have so far been run, it is clear that 
considerable variation exists as to the degree of 
persistence of oscillations beyond the decay of the 
exponential curve. 

It is of great interest to us to note how similar 
some of our results are to the first published auto- 
correlograms of EEGs in man. In 1949 Imahori and 
Suhara published examples of their results obtained 
by mathematical calculation for delays out to 1.6 sec., 
and in the example shown (fig. 3B of their publica- 
tion) the 10 cycle periodic phenomenon they found 
is still quite strongly present. 

For comparison with the normal correlograms 
shown in figure 2, in which little difference between 
the two hemispheres is seen, some cases with brain 
lesions may be of interest to clinical electroenceph- 
alographers. From our series, two only will be re- 
ported here, with the object of familiarizing readers 
with this type of analysis and presentation of EEG 
findings. 

Case 1. A 42 year old man with a 4 month history 
of headaches, episodes of weakness, dizziness and 
memory difficulties. Neurological examination re- 
vealed he had bilateral papilledema of 3-4 diopters 
with recent hemorrhage. The left corneal reflex was 
decreased, and there was weakness of the left face 
and arm. Decreased sensation to pinprick, touch, and 
vibration was noted on the left. The reflexes were 
more active on the left; and the left plantar reflex 
was extensor. There was a left homonymous field 
defect. 


X-rays of the skull gave no evidence of a space- 
taking lesion. The standard EEG record showed 
diffuse slow waves from the right hemisphere but 
no clear focus. Some suppression of alpha was seen 
in the right temporal region. There was less follow- 
ing of flash frequencies on the right than on the 
left. 


Autocorrelation analysis of the EEG indicated 
a more widely spread disturbance in the right hem- 
isphere with involvement reaching posteriorly to the 
parieto-occipital linkage, thus being more closely in 
keeping with the neurological signs. 


Autocorrelograms of four pairs only of the several 
leads used are reproduced in figure 3A. The pair 
at the top of the figure show the contrast between the 
temporal regions of the two hemispheres with a 
rather slow rhythm evident on the left and none 
of a periodic nature on the right. In the center pair 
on the left is the parieto-oecipital record from the 
left hemisphere showing a elear 10 e/see. rhythm 
(the delay steps are 5 msee. apart and 20 of these 
are seen to define a eyele). On the right is the eor- 
relogram of the homologous region on the right side 
(recorded simultaneously). The persisting 10 eycle 
rhythm is absent and an extremely low frequency 


oscillation is present (as seen by the long swing 
below the baseline). This is approximately a 1.3 
cycle oscillation. 

In figure 3B is shown the effect of flicker at 
15 ¢/see. On the left the patient’s own 10 eycle 
alpha rhythm shows up at the beginning of the 
curve and then a 15 cycle wave obscured at the 
shorter delay times by the higher voltage (but less 
persistent) alpha becomes apparent and persists in 
undiminishing amplitude to the end of the period 
of analysis. On the right however the effect of the 
flicker is only feebly superimposed on the slow 
oscillation detected in his resting record. This la- 
teralizing of the flicker effect was in keeping with 
the visual fields. 
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rietal lobe. The standard EEG record showed normal 
activity on the left and abnormal theta activity in 
the right central region with delta in the right 
temporal. Flicker did not show any lateralizing signs. 

The correlation analyses gave clear lateralization 
and suggested a more extensive lesion and dis- 
turbance spreading posteriorly to the occipital lobe, 
as did the neurological signs. 

Autocorrelograms from 6 of the linkages used 
are shown in figure 4. A clear 10 cycle rhythm is 
seen on the left, maximal in the center strip. The 
contrasting records from the right are quite striking. 
In figure 5 is seen the effect of flicker at 10.5 ¢/see. 
The difference in flicker response from the two sides, 
not remarked in the standard EEG, is brought out 
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Fig. 2 
Autocorrelograms of 1 min. samples of EEGs from the left and right 


parieto-occipital leads in a normal subject. 


The first and last three pen 


deflections in each correlogram give the baseline level when the correlator 
receives no input. The height of each pen deflection indicates the degree 
of correlation at that particular delay time. Delay times increase in length 
from left to right along the abscissa in steps of 5 msec. from zero delay 
on the left to 925 msec. on the right (in this particular example the curved 
lines on the original chart paper are approximately 100 msec. apart). Below 


each correlogram is a 3-sec. sample of the original EEG trace. 


This 


represents a small fraction only of the total length of record analyzed in 
the correlogram. The vertical lines on the EEG are 200 msee. apart. 


At operation an infiltrating tumor was found 
in the right temporal lobe extending posteriorly to the 
vein of Labbé and also into the operculum of the 
right frontal lobe. The tumor was an astrocytoma. 

Case 2. A 61 year old man who entered the 
hospital because of weakness of the left arm of 3 
weeks’ duration, together with blurring’ of vision 
and bifrontal headache. Two weeks before entry, 
the left leg had also become weak. 

On neurological examination the patient 
found to have a left hemiplegia involving face, arm 
and leg. There was also a left homonymous hemianop- 
sia, and a diminution of vibration sensation on the 
left side. The left plantar reflex was extensor. Disc 
margins were indistinct. 

X-rays of the skull showed calcification in the 
postfrontal region on the right reaching to the pa- 


was 


more clearly by the emphasis that autocorrelation 
gives to periodic potentials. 

At operation a large meningioma was found in 
the right temporo-frontal region extending posteriorly 
into the parietal and occipital lobes. 


DETECTION OF EVOKED RESPONSES AND 
REPRODUCTION OF THEIR AVERAGE 
FORM 


For this purpose the EEG record during stim- 
ulation is compared not with itself as in autocorre- 
lation, but with a series of brief impulses (coincident 
in time with the flash recorded on one 
channel of the tape simultaneously with the EEG. 


stimuli ) 


Hence this crosscorrelation procedure accentuates 
those potentials of the EEG that are related in 
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time to the stimulus and tends to reject others that 
are independent of it. 

The instrumentation differs from that used for 
the autocorrelations already discussed, in that an 
electronic device designed to sample the continuous 
graph of the EEG by constant amplitude impulses is 
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of samples taken. The more samples taken, the more 
clear-cut the form, but the physiological significance 
of exact details of waveshape may be questioned in 
the light of the known variability of response in the 
normally functioning organism. In our present series 
of subjects, the influences that tend to introduce 
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Case 1. 
the central and low temporal regions. 


The top pair of autocorrelograms are of EEGs from linkages between 
(Some AC interference artifact is seen 


in beth the original trace and the correlogram on the right.) The parieto- 
occipital linkages are shown in the middle pair. In the lowest pair of charts 
are correlograms of the parieto-occipital regions during flash stimulation at 
15 ¢/see. Correlation analyses are of 1-min. EEG runs, 4-sec. samples of the 
original traces being mounted below them. 

Delay periods increase in 5 msee. steps from left to right along the abscissa. 


employed. The sampling is accomplished by a gating 
and storage circuit whose technical details will be 
described elsewhere. An important feature of the 
method used is that the applied stimuli need not be 
periodic. The resultant correlogram gives the average 
form of the evoked potentials for the given number 


variability of response are present, and none has 
been removed by anesthesia, sleep, sedation, or any 
other procedure. 

to flash 
(from 70 samples) in a normal subject is shown in 


An example of an average response 


figure 6A. In this example the recording was a 
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bipolar one(with the occiput on the second grid) 
and the recording instrument was arranged to give 
deflections of the writing pen above the baseline 
when there was an increase in relative positivity at 
the occiput. 

In this subject there is an occiput-positive de- 
flection with its peak at 90 msec. followed by a large 


TUMOR IN 
LEFT 


THE 


ah : Me, af A 
Wy MAR MeV) 


YAN ma penn wien) 


329 


significance of the variations seen in the correlogram 
earlier than 90 msec. needs investigation by analysis 
of a greater number of samples. The physiological 
variability referred to above, is evident from the 
irregularities of the pen excursions for this number 
of samples. Only a wide survey of subjects will tell 
us how representative this illustration is for normal 
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Fig. 4 


Case 2. Autocorrelograms of 6 samples of the resting EEG in a patient with 
a right sided cerebral tumor. The correlograms are analyses of 1 min. runs of 


which 3-sec. samples of the original trace are shown. 


Duration of delay 


increases from left to right in 5 msec. steps. Leads shown are (from top to 
bottom) parieto-occipital, posterior temporal to occipital, parietal to mid- 


occipital. 


negative wave maximal at 145 msec. (The pen de- 
flections are in steps of 5 msec. delay and the trough 
of the occiput-negative wave occurs at the 29th de- 
flection.) There is a series of oscillations following 
this that are time-locked to the stimulus. It seems 
likely that these oscillations are the counterpart 
of the train of waves shown by Bishop (1933) to 
stimulation in animals. The 


follow single flash 


people. It is clear from our preliminary series that 
in some individuals the effect of each flash is not 
over in 850 msec. and that some brain potentials 
time-locked to the stimulus are still present. 

In figure 6B the correlogram (similarly recorded) 
from a similar arrangement of electrodes is shown 
for an epileptic patient with unusual sensitivity to 


light. In this correlogram of an evoked response 
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COMMENT 
The purpose of this note is not to present results 
of a specific research problem but to acquaint 
electroencephalographers with this type of analysis 


without a seizure discharge, the initial occiput- 


positive wave is very pronounced (with its peak at 
95 msec.) and is followed by a conspicuous occiput- 
negative swing (trough at 145 msec.) and then by 


TUMOR IN THE RIGHT HEMISPHERE 
PARIETO—OCCIPITAL RECORDINGS 
LEFT 
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Fig. 5 
Case 2. Recordings and correlograms of parieto-occipital linkages during 
intermittent photic stimulation. Delay steps of 5 msec. 10.5 flashes/sec. 


marked oscillations slower and of a less irregular 
average shape than those of the control record in 
figure 5A. The cycles are approximately 125 msec. 


and the method of presentation used when this 
technique is employed as an ancillary method to the 
ink-recorded traces in clinical work. The emphasis 


in duration or about 8 ¢/sec. given to periodic potentials by autocorrelation an- 


A. Evoked response to flash in a normal woman. Parieto-occipital recording 
with pen deflections above the baseline indicating relative positivity at 
the occiput. Delay increases in 5 msec. steps from left to right. 

B. Similar recording from a photosensitive epileptic patient. 


alysis makes this method especially suited to the 
study of the effects of intermittent photic stimula- 
tion since the stroboscope imposes a periodicity on 
the potentials of the normal brain. 

The two examples of brain tumor cases were 
chosen because they have operative findings for 
checking those of the EEG and its correlograms. The 
example from the epileptic patient was selected be- 
cause of her unusually sensitive response to light. 


We would like to acknowledge the valuable help 
received from our many colleagues in the Electro- 
encephalographie Laboratory at the Massachusetts 
General Hospital and in the Laboratory of Com- 
munications Biophysics at the Massachusetts Institute 
of Technology. We would also like to thank Mr. J. U. 
Casby for his continuing interest in this method and 
for many helpful discussions. 


REFERENCES 


Bartow, J. S. and Brazier, M. A. B. A note on a 
correlator for electroencephalographic work. EEG 
Clin. Neurophysiol., 1954, 6: 321-325. 

Bartow, J. S. and Brown, R. M. An analog corre- 
lator system for brain potentials. Technical Ke- 
port #3800. Research Laboratory of Electronics, 
Mass. Inst. Tech., 1955, pp. 41. 

BisHop, G. H. Cyclic changes in excitability of the 
optic pathway of the rabbit. Amer. J. Physiol., 
1933, 103: 213-224. 


APPLICATIONS OF CORRELATION IN ELECTROENCEPHALOGRAPHY 


331 


BrazierR, M. A. B. and Bartow, J. 8S. Correlation 
analysis of brain potentials. EEG Clin. Neuro- 
physiol., 1955, 7: 463. 

BrRAZIER, M. A. B. and Cassy, J. U. An application 
of the M.I.T. digital electronic correlator to a 
problem in EEG. EEG Clin. Neurophysiol., 1951, 
3: 375. 

BRAZIER, M. A. B. and Cassy, J. U. Crosscorrelation 
and autocorrelation studies of electroencephalo- 
graphic potentials. EEG Clin. Neurophysiol., 
1952, 4: 201-211. 

Dawson, G. D. Autocorrelation and automatic inte- 
gration. EEG Clin. Neurophysiol., Suppl. 4, 
1954, 26-37. 

IMAHORI, K. and SuHaRA, K. On the statistical 
method in brain wave study. Part I. Fol. Psy- 
chiat. Neurol. Jap., 1949, 3: 137-155. 

LEE, Y. W., CHEATHAM, T. P. and WIESNER, J. B. 
Application of correlation analysis to the detec- 
tion of periodic signals in noise. Proc. I.R.E., 
1950, 38: 1165-1171. 

WIENER, N. The Extrapolation, Interpolation and 
Smoothing of Stationary Time Series. John 
Wiley, New York, 1949, 163 pp. 

WIENER, N. The Fawley Lecture of the University of 
Southampton, 1955 (in press). 

WIENER, N. and Brazier, M. A. B. Discussion of 
correlation analysis. 3rd International EEG 
Congress. EEG Clin. Neurophysiol., Suppl. 4, 
1954, 41-44. 


Reference: BRAzIER, M. A. B. and Bartow, J. S. Some applications of correlation analysis to clinical 


problems in electroencephalography. EEG Clin. Neurophysiol., 1956, 8: 325-331. 


‘*There is not always loss, but there is, I believe, always, at least defect, 
of consciousness co-existing with the overconsciousness (‘dreamy state’). 
After some paroxysms in which consciousness has been lost there are 
exceedingly complex and very purposive-seeming actions during continuing 
unconsciousness; in a few cases the actions appear to be in accord with the 
‘dreamy state’. 

It will have been seen that I do not consider the ‘dreamy state’ to be a 
‘warning’ (‘aura’), that is to say, not a phenomenon of the same order 
as the crude sensations of smell, etc. Hence my objection to the term 
‘intellectual aura’, and adoption of the less question - begging adjective 
‘dreamy’, one which is sometimes used by the patients. It is very important 
in this inquiry to distinguish mental states according to their degree of 
elaborateness — from crude, such as the crude sensation warnings of smell, 
ete., to the vastly more elaborate, such as the ‘dreamy state’ — in order 
that we may infer the physical condition proper to each. The crude 
sensations are properly called warnings; they occur during epileptic (sudden, 
excessive and rapid) discharges; the elaborate state I call ‘dreamy state’ 
arises during but slightly raised activities (slightly increased discharges) 
of healthy nervous arrangements.’’ 

HUGHLINGS JACKSON 


Brain, vol. XI, 1888 p. 179 
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INSTRUMENTAL EVALUATION OF EEG PHASE RELATIONSHIPS 1 
C. W. Darrow, Ph.D., R. C. Witcott, Ph.D., A. Srecer, A.B., 


M. Stroup, A.B. and L. Aarons, M.A. 


Instrumental wave by wave phase and amplitude 
comparisons of different brain areas were sought 
after studies of hypnosis (Darrow et al. 1950) and 
stimulation (Darrow and Converse 1950) by manual 
graphic methods had indicated their probable im- 
portance. An instrument for this purpose, was de- 
vised with G. P. Arnott (Darrow and Arnott 1950) 
avoiding methods of integration and the possibility 
of averaging out and obscuring important effects.2 
The system was revised with R. C. Wilcott to provide 
a stable base line by dynograph D. C. operation 
(Darrow et al. 1955). The device involves a ‘‘bipo- 
lar’? comparison of either positive or negative halves 
of EEG waves from different areas after eliminating 
the other half by rectification. By thus supplying 
EEG voltages of the same polarity respectively to 
grids I and II, bipolar comparison gives a record 
where waves which are equal and in-phase cancel, 
where waves which are in-phase but unequal indicate 


1 Presented as a demonstration for the 1955 
meeting of the American EEG Society, June 10-12, 
Chicago. This work was accomplished in part with 
the assistance of grants-in-aid MH 250 and M 449 
from the U. S. Public Health Service, National 
Institutes of Health. 

2 Various automatic devices and methods have 
been described for phase analysis of the EEG. 
Hugger (1941) presents a statistical method; Walter 
and Shipton (1951) investigate phase using an 
elaborate cathode ray ‘‘toposcopic’’ display system. 
Cohn (1947) describes a simple method of pro- 
jection toposcopy; Sonneman and Kennard (1947) 
describe an ‘‘interphase analyzer’’; Goodwin and 
Stein (1948) have developed a ‘‘correlator’’ provid- 
ing integration of the amount of in- and out-of-phase 
activity; Rémond and Offner (1952) have developed 
a method of temporally fractionating EEG and 
comparing corresponding time intervals; Brazier and 
Casby (1952) have used an ‘‘autocorrelation’’ tech- 
nique for establishing self-consistency of EEG time 
relationships; and Barlow and Brazier (1954) and 
Dawson (1953) have proposed improvements in au- 
tocorrelation instrumentation. Our own method de- 


veloped first with the drawing of ordinates through 
the peak and valleys of one channel and noting their 
ineidenee of waves in other channels as an indication 
of changing phase relationships (1953). 


Institute for Juvenile Research, Chicago 


(Received for publication: October 30, 1955) 


[ 333 ] 


the larger, and where waves which are out-of-phase 
by less than 180° show their respective lead or lag 
by directional diphasie patterns. Waves 180° out-of- 
phase are additive in the comparison record and ap- 
proximate a sinusoidal diphasie pattern. 


Instrumentation: 


A schematic diagram of the rectifier connections 
is presented in figure 1. Low voltage from the pen 
motor of the dynograph is supplied, via the analyzer 
connection of the instrument, to a 6J5 voltage am- 
plifier tube through a .05 mf. condenser and resister 
combination to filter out slow wave activity and 
eliminate base line sway from the input. The am- 
plified input voltages, largely above 5 cycles, are sup- 
plied through large condensers to the grids of 6H6 
rectifiers which separate positive and negative halves 
of the pattern. The negative active half is then paired 
with a similar half wave from another channel, as a 
bipolar lead. In the interest of simplicity and 
stability the present design provides only for com- 
of negative halves of the conventionally 
oriented EEG, and positive halves may be compared 
by inverting the EEG so that upward deflections are 
positive. Variable potentiometers provide for match- 
Filtered, amplified, rectified 
and regulated outputs from adjacent EEG channels 
are led to grids I and II of dynograph D. C. 
channels, as illustrated for 3 channels in the schematic 
diagram of figure 2. Six such comparisons of an- 
terior-posterior or translateral relationships are now 
available during routine EEG examination. 

Operation of the instrument with 4 channels sup- 
plied by simultaneous equal voltages from a frequency 
generator is illustrated in figure 3. The degree of 
matching attainable in the various amplifiers and 
rectifiers involved is indicated by the approximate 
balanee and eancellation illustrated. Increasing or 
decreasing amplification of one channel of any EEG 
pair alters the relative amplitude and balance of the 
intermediate comparison channel and produces diree- 
tional half wave deflections. Reversing the inputs 
of alternate channels to provide 180° out-of-phase 


parison 


ing between channels. 
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patterns shows, by the magnitude of resulting diphasic 
comparisons, the effectiveness and sensitivity of the 
instrument. 

Reading the record. Important features of the 
patterns provided by continuous comparison of EEGs 
are readily read and scored as illustrated, on an 
enlargement of actual record, in figure 4. For waves 
which are equal and in-phase but of unequal mag- 
nitude the indicator deflection points in the direction 
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Fig. 1 
Rectifier Circuit. See text for details. 


of the larger. Waves which are out of phase by 
less than 180° give a diphasic pattern sloping con- 
tinuously in one direction only and indicating the 
lagging channel by the direction of slope. A method 
of accenting and scoring direction of slope by 
diagonal markings of corresponding slope is illustrat- 
ed. Color coding of the score is likewise helpful. 
Waves which approximate 180° out-of-phase approach 
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sinusoidal push-pull equality of effect in both direc- 
tions and are easily recognized. Without the instru- 
ment the interrelationship of these patterns could not 
be readily identified. 

Applications. In its present form this instrument 
does not, of course, give an index of phase measured 
in degrees. Rather it provides an indicator of rapidly 
shifting temporal or ‘‘qualitative’’ relations between 
areas — whether, for example, area A is in-phase, 
leading, lagging, or 180° out-of-phase with area B. 
The rapidity with which such changes occur and the 
difficulties of observing them visually was the rea- 
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Fig. 2 
Block diagram for three channel comparison: 
Single ended pen voltages in odd numbered channels 
are passed to rectifiers from which 1/2 wave outputs 
are fed respectively, as grids I and II, to adjacent 
even numbered D. C. recording units. Six EEG and 
rectifier units alternating with 6 comparison units are 
employed in sequence in the present arrangements. 


son that a wave by wave electrical comparison rather 
than an integrative technique was considered essential. 
Phase shift is, of course, an inseparable concomitant 
even of fixed frequency differences. Even two slightly 
different frequencies from two generators are readily 
shown by the instrument to involve the progressive 
shift in phase relations characteristic of ‘‘beats’’, 
and the rapid shifts in relative frequency normally 
characteristic of two brain areas is inseparably at- 
tended by corresponding shift in phase. And since 
phase changes of necessity involve fluctuations in the 
voltage difference between areas, and alterations in 
the rate of potential change, as well as reversals in 
relative polarity, they would seem to be inevitable 
eandidates for roles affecting dendritic or other 
neuronal functions. Just as the phase relation of 
light waves provided a most sensitive measure of the 
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Fig. 3 

Interchannel comparison: Common oscillator input. 

A. EEG (odd numbered) channels 1, 3, 5, 7 are equal voltage and in-phase, and cancel in 
records 2, 4, 6. 

B. Increase voltage in channel 3:-half waves of channel 2 and 4 point toward 3. 

C. Decrease voltage in channel 3:-half waves of channels 2 and 4 point away from 3. 

D. Channels 1, 3, 5, 7 again equal:-2, 4, 6 cancel. 

E. Increase voltage in channel 5:-half waves in channels 4 and 6 point toward 5. 

F. Decrease voltage in channel 5:-half waves in channels 4 and 6 point away from 5. 

J. Invert channels 3 and 7 so that channels 1 and 3, 3 and 5, and 5 and 7 are out-of-phase. 
Interchannel comparison, channels 2, 4 and 6, demonstrates the sinusoidal form referred 
to in text. 


Instrumental Interchannel Comparison 


anise 


2 
ze 


rea 


= nse | 


Fig. 4 
Instrumental interchannel comparison in enlargement of L-motor, L-occipital, and comparison 
records. 
Where half waves (shaded areas) in one channel lead half waves in the other channel the 
comparison record shows an unbroken transition of the baseline. Instances of such continuity 
are scored by short diagonal lines of corresponding slope. The diagonals have here been 
extended for better observation. ; 
In comparisons a-b, o-p, q-r, and t-u the motor area leads the occipital. In comparisons 
k-] and s-t the occipital leads the motor area. Comparisons e-d and e-f-i-j show alternate 
180° out-of-phase or ‘‘push-pull’’ effects in both directions. N shows ‘‘dominance’’ of the 
occipital lead. 
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spatial continuum, the phase relations of brain waves 
may provide a delicate index of cerebral timing and 
may relate to cerebral function and behavior. Several 
possible applications are under investigation. 
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AN ADJUSTABLE IMPLANTED ELECTRODE FOR STIMULATING THE BRAIN 
OF THE UNANESTHETIZED ANIMAL 1 


F. W. Marre, M.D. 


Department of Physiology and Biophysics, University of Washington School of Medicine, 
Seattle 5, Wash. 


(Received for publication: October 16, 1955) 


An implanted electrode, which can be adjusted into the shaft of a 19 or 20 gauge hypodermic needle. 
for depth, has been designed to facilitate study of The wires project 10 mm. or more from the tip of 
diencephalic stimulation in unanesthetized rats. The the shaft, and are sufficiently stiff to penetrate the 
electrode is placed in a holder which is cemented over brain without bending. The other end of the shaft 
a burr hole in the skull. The electrode may be then is cemented into a plastic base block (A). The 
moved dorsoventrally by measured amounts in the’ electrode wires are soldered to long lead wires, and 
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Fig. 1 
Diagrammatic drawing of the adjustable electrode. Bracketed figures are 
dimensions in millimeters. 


conscious animal. Two 5-mil insulated tungsten or the junctions cemented into the block by filling the 
stainless steel wires are cemented with baking varnish groove (B) with liquid plastic. The electrode base 
also has a threaded hole (C) which is used to attach 
the electrode to the stereotaxic apparatus as described 


16h ete “es hae ated i J ~ sontanst ie below. Insulation of the wires is tested by passing 
etween the ice o aval Researe epart- . it is im- 
ment of the Navy, and the University of Washington, direct current through the electrode when it is im 
and by a grant from the Washington State Research mersed in saline, and watching for gas bubbles at 
Fund for Biology and Medicine. points other than the tips. 
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The holder is made of lucite. Its vertical plate 
(D) has etched on its face and edges a millimeter 
scale which is used to position the electrode, the base 
(A) of which abuts D. The plate also prevents rota- 
tion of the electrode. The shaft of the electrode 
passes snugly through the hole E, and is held in the 
desired position by the set screw (F). A thin film 
of beeswax and petroleum jelly (equal parts) is 
smeared on plate D to prevent slipping of the elec- 
trode when the set screw is loosened. 

The holder, with electrode in place, is attached 
to the stereotaxic instrument by a flexible lead bar 
which has a threaded end that fits into hole C in 
the electrode base. The bar is fastened in the carrier 
slot of the stereotaxic instrument. The electrode is 
lined up parallel with the carrier by appropriate mani- 
pulation of the lead bar, and the zero coordinates are 
determined. The anesthetized animal is placed in 
the instrument according to the usual method, the 
scalp incised, and the dorsal calvarium cleaned of 
muscle and fascia. The occiput and the posterolateral 
surface of the calvarium are similarly cleaned. The 
exposed calvarium is widely roughened with a dental 
burr, and a burr hole made at the desired point. The 
skull is thoroughly dried with an air jet before the 
cement is applied. The base of the helder is then 
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lowered flush with skull, and cemented in place with 
dental (zinc) cement. The cement is applied freely 
and allowed to lap over the lateral parts of the skull 
and occiput. After the cement has hardened (30-40 
min.), the lead bar is removed and the skin edges 
are opposed with clips and painted with collodion. 


The animal is allowed to recover from the 
anesthetic. The electrode position may be varied at 
will by loosening the set screw and advancing or 
withdrawing the tips by amounts measured on the 
carrier plate. Rats tolerate such electrodes surprisingly 
well; some animals have been kept for several weeks 
in good condition and with intact electrodes. They 
are best kept isolated from other animals because 
although they rarely attempt to dislodge their own 
electrodes, cage mates may chew the wires. 


At the end of the experiment the animal is 
sacrificed, with the electrode in place, and perfused 
through the aorta with formalin. The brain is allowed 
to harden for 1-2 hours, the electrode is withdrawn 
and the brain removed for histological study. 


The author wishes to acknowledge the suggestions 
and help of Dr. Allen M. Scher and Mr. Richard F. 
Robinson of the Department of Physiology and 
Biophysics, University of Washington School of 
Medicine, in the making of the electrode. 


Reference: Marrz, F. W. An adjustable implanted electrode for stimulating the brain of the unanesthetized 
animal. EEG Clin. Neurophysiol., 1956, 8: 337-338. 


A TRANSDUCER TUBE MYOGRAPH FOR USE IN MAN 


RICHARD J. JoHNs, M.D. 


Department of Medicine, Johns Hopkins University School of Medicine, 
Baltimore, Ma. 


(Received for publication November 21, 1955) 


During the course of investigations of neuro- 
muscular function in man it was necessary to record 
the force of isometric muscular contractions on a 
eathode ray oscillograph. The myograph described 
here has given trouble-free operation for over a year. 
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Fig. 1 
Sectional view of myograph showing: A, threaded 
fitting to which the tension is applied; B, cantilever 
pin; C, cantilever beam; D, base; E, transducer tube 
pin; F, stop serew; G, RCA transducer tube; H, fine 
adjustment screw; I, tube mounting bar; J, tube 
mounting block. 


The tension developed by muscular contraction was 
applied through ball-chain to a stiff cantilever, and 
the RCA 5734 mechano-electronic transducer tube 
was used to measure the deflection of the free end 
of the cantilever beam. The transducer tube was 
chosen as the sensing element primarily because of 
its high output voltage (5 V. full scale). This permits 
the myograph to be connected directly to the cathode 
ray oscillograph without further amplification. 

In principle this myograph is similar to that 
described by Talbot and associates (1951) and their 
circuitry has been only slightly modified (fig. 3). 
However, the mechanical design has been altered in 
order to simplify construction as well as operation 
and to make the unit more compact. This myograph 
requires no close tolerance machining. Indeed, with 
the exception of the case, the myograph was con- 
structed from stock sizes of brass and steel using only 
hand tools and a drill press. 

The myograph consists of three assemblies: the 
transducer tube and its support (fig. 1, E to J), 
the cantilever beam and its attachments (fig. 1, A, 
B, and C), and the fixed frame to which the other 
assemblies and the ease are attached (fig. 1, D). 


Fig. 2 
Side view of the myograph with and without one side cover. 
labelled as in figure 1. K is a subminiature tube socket. 


Parts are 
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The transducer tube was modified by sweating an 
extension (E) on its pin. Electrical connection was 
facilitated by using a sub-miniature tube socket 
(fig. 2, K). After assembly certain initial adjust- 
ments are necessary. The cantilever pin (B) is 
lowered into contact with the transducer tube pin 
(E); this may easily be detected by observing the 
output voltage. The fine adjustment screw (H) is 
then turned thereby springing the tube mounting 
bar (1) away from the base (D). This, in turn, 
slightly rotates the entire transducer tube assembly 
about its attachment to the base (D). The compliant 
transducer tube pin (E) is thus deflected by the 
cantilever pin (B). The stop screw (F), which has 
been previously set, limits this initial displacement 
of the transducer tube pin to the allowed 0.5 degree 
pin deflection. The device is then ready for use and 
no subsequent mechanical adjustment is necessary. 

Tension applied to the cantilever fitting (A) 
produces an upward deflection of the cantilever pin 
(B) permitting the transducer tube pin (E) to move 
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Fig. 3 
Wiring diagram of the power supply and control 
unit. K = 1000 ohms. 


upward toward its undeflected position. Designing 
the myograph in such a manner that increases in 
the applied force decrease the deflection of the 
transducer tube pin affords two advantages. First, 
inadvertent overloads on the cantilever beam cannot 
deform the transducer tube by excessive deflection. 
Second, the inherent slight alinearity and hysteresis 
in the transducer tube response in the region of zero 
transducer tube deflection appears only at full scale 
force measurement, and ean be eliminated by utilizing 
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up to 90 per cent of full scale. The force to be 
measured can be applied to the cantilever beam at 
variable distances from its fulerum by threading the 
fitting (A) into the different holes provided. This 
affords a wide range of sensitivities. The range of 
the cantilever beam illustrated (fig. 2) may be altered 
from 5 to 25 k. full seale. Other force ranges can be 
obtained by altering the cantilever beam dimensions. 


Operation of the myograph is exceedingly simple. 
The output voltage is brought to zero with the 
250,000 ohm and 10,000 ohm potentiometers (fig. 3). 
The voltage produced by a known force is matched 
by the internal calibration voltage obtained from 
the 5,000 ohm potentiometer. No further adjustments 
are necessary during the course of an experiment. 
Voltage output is a reasonably linear function of 
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Calibration curve for the most sensitive range of the 
myograph. Calibration curves for the other ranges 
differ only by a change in force scale. 


force input from 0 up to 90 per cent of full scale 
(fig. 4). It is advantageous to have voltage output 
a logarithmic function of force input when it is 
necessary to record both small and large forces on 
the same scale. This may be accomplished by insert- 
ing a voltage amplifier and a commercial logarithmic 
attenuator between the myograph and the oscillograph. 
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1. Studies of the electrical activity of the brain 
and spinal cord in the chick embryo. — J. J. 
Peters, A. R. VONDERAHE and T. H. Powers, 
Cincinnati, Ohio. 


The chick egg is a favorable subject for EEG 
study, because in the short incubative period of 21 
days it undergoes a transition from almost total 
electrical silence to intense electrical activity and 
typical seizures with tonic and clonic phases. The 
main steps of this transition are accomplished while 
the embryo is still in the egg. 


Records of electrical activity of the chick embryo 
on the 6th day showed EKG, pulse artifact, and 
muscle potentials associated with twitches of fhe 
trunk and contractions of the amnion. Recordings 
from electrodes located near the comb and the two 
cerebral lobes, forming a triangle on the dorsal sur- 
face of the head, showed that on the 10th day of 
incubation the region near the comb emitted spik: 
like discharges associated with movements of head 
and eyes. The cerebral lobes lacked spontaneous elec- 
trical activity until about the 15th day. 


Metrazol-induced seizures, with tonic and clonic 
phases, were recorded on the 12th day of incubation. 
On the 14th day the cerebral lobes began to parti- 
cipate in these seizures. The 12th and 14th day of 
chick incubation are chronologically analogous to the 
21st and 25th week of human gestation. As the time 
of hatching approaches the tonic phase of the seizure 
is associated with decreasing amplitude but increasing 
frequency of waves, up to 90 per sec. 


2. The effect of insulin shock on auditory cortex 
and cochlear receptor of the cat. — CZ#sAR 
FERNANDEZ. 


Insulin shock was induced by functional eviscera- 
tion alone or combined with insulin. In these pre- 
parations blood sugar values as low as 3-5 mg per 
cent were obtained. Pin-point pupils, absent light 
reflex and circulatory failure were used as indices 
of medullary stage of coma. No significant changes 
in the responses from the auditory cortex and cochlear 
receptor were observed as long as systemic blood 
pressure remained above shock level. The circulatory 
failure was followed by an immediate depression of 
the responses. When the hypotension was rapidly 
reversed with Levophed, a full recovery was obtained. 
Prolonged or repeated circulatory failure depressed 
the auditory cortex permanently, but the cochlear 
responses returned to normal; however, repetition of 
hypotensive cycles produced a progressive depression. 
The survival of the auditory cortex responses during 
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the medullary stage of insulin shoek is not in ac- 
eordance with the general scheme of the phyletic 
organization of the central nervous system. The 
survival of the cochlear receptor suggests wide re- 
serves of carbohydrate, or that the receptor consumes 
in this circumstance food stuff other than glucose. 


3. Some diencephalic influences on performance 
in the cat. — J. R. Knort, W. R. INGRAM and 
R. E. Corre, Iowa. 


It has been earlier shown (Ingram, Wheately) 
that bilateral ventromedial hypothalamic lesions pro- 
duce intractable malevolence, and often increased ap- 
petite. In the present experiments it has been shown 
that ventromedial hypothalamic lesions (a) impair 
the ability to learn a bar-press (food reward) task, 
and (b) significantly retard response rate of bar- 
press when pre-operatively learned. Bilateral dorso- 
medial thalamic lesions retard response rate but do 
not destroy learning; bilateral caudate lesions pro- 
duce temporary retardation only; centre median 
Jesions are ineffective. 


Stimulation, via chronic electrodes, of various 
liencephalie regions may be carried out during per- 
formance of a recently acquired act (bar-press). Data 
on fifteen animals reveals that if stimuli are delivered 
to the anterior hypothalamic region (including the 
septal region), one of three phenomena may occur: 
the response rate may be significantly retarded (4 
eats); the learned response stops entirely, although 
there is no ‘‘arrest’’ of other behavior, including 
eating (4 cats); or there is a faster response rate 
(2 cats). Five cats with electrodes elsewhere (hippo- 
campus; caudate; thalamus) showed no change in 
response rate. 

Apparently the anterior and ventromedial hypo- 
thalamus and adjacent areas are vital in the main- 
tainance of normal adjustment (carrying out learned 
acts, and learning new acts). These areas may also 
be involved in affective behavior, but need not be. 
Further work may seek finer degrees of localization. 


4. Comparison of the cortical and _ subcortical 
EEG’s during drowsiness and sleep in cats. — 
Joun R. Pirscu. 


5. Electrical activity of partially neuronally iso- 
lated cat cerebral cortex. — EDwarpD F. Domino, 
Ann Arbor, Mich. 


The in vivo ‘‘neuronally’’ isolated cerebral cortex 
preparation described by Kristiansen and Courtois 
(1949) was used to study the modification of sponta- 
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neous cortical activity by various barbiturates. Under 
ether anesthesia a high spinal section and a subpial 
undercut were made in an attempt to isolate neuro- 
nally a 4 x 10 x 2 mm. island of suprasylvian 
gyrus leaving intact its pial blood supply. The extent 
of isolation was checked histologically by serial sec- 
tions. Neuronal isolation always was almost 100 per 
cent complete but invariably occasional microscopic 
neural bridges were observed in the molecular layer. 
About one hour after surgery when most of the ether 
was blown off the small island of isolated cortex 
showed spontaneous activity of about 50 per cent less 
voltage and a frequency somewhat slower than that 
of surrounding normal cortex. Destruction of the 
pial circulation abolished almost all spontaneous activ- 
ity. The very slight activity that remained was 
similar to normal cortex and therefore interpreted as 
due to volume conductor pickup through the dead 
slab. 

Barbiturate such as pentobarbital in doses as 
low as 2 to 5 mg/kg. i.v. increase the voltage, decrease 
the frequency of the waves in the isolated tissue and 
produced the usual suppression burst discharge. Large 
anesthetic doses abolish all spontaneous activity. 
Burst activity similar to that described by Bremer 
(1938) and Kristiansen and Courtois was observed. 
However, the high voltage bursts described by Ingvar 
(1955) were not recorded. Differences in technique, 
condition of the preparation, and the size of the 
island of cortex isolated probably explain these 
results. The importance of using preparations free 
of any drug influences is emphasized when physiol- 
ogical studies of the spontaneous activity of isolated 
cortex are contemplated. 


6. Patterns of afterdischarge from the hippocam- 
pus. — ROBERT E. CORRELL and W. R. INGRAM. 


The purpose of this study was to identify the 
most prominent components of hippocampal after- 
discharge, and described patterns which they may 
form. Nichrome electrodes (intertip distance of one- 
half to one millimeter) were implanted in 20 eats. 
Bilateral placements were made in the postero-ventral 
hippocampi. Stimulus parameters were 80 approx- 
imately diphasie pulses per second, with a one milli- 
second duration. The stimulation period was 10 see. 
at threshold voltage. 


Fast spikes (approximately 8-16 msec. duration) 
and sharp waves (approximate duration 50-70 msec.) 
were the most frequently seen components. The 
voltage could exceed 2 mV. There was an inverse 
relationship between spike duration and voltage. 
Other components were 5-11 per sec. activity, usually 
at relatively low voltage: 14-4 per sec. waves, usually 
of moderate voltage: and rhythmic 20-30 per sec. 
activity, usually at 26 per sec. and of variable volt- 
age. Seven patterns were defined on the basis of fre- 
quency, synchrony, waveform and voltage. 

Group 1: 4% to 9 per sec. synchronous activity, 
occurring alone or accompanied by multiple spikes. 

Group 2: high voltage slow spike, usually with a 
repetition rate of 9 per sec., and attaining a high 
degree of synchrony. 

Group 3: poorer organization than group 2, and 
predominance of fast spike. 

Group 4: rhythmic fast activity ranging from 20 
to 30 ¢/see. 
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Group 5: a pattern of alternating burst and de- 
pression. The burst usually of 15-30 per sec. sharp 
waves or spikes. 

Group 6: low voltage rhythmic activity at 5-15 
c/see. 

Group 7: one and one-half to 4 per sec. activity, 
either as rather sinusoidal activity or sharp and slow 
waves. 


A significant relationship exists between these 
groups, the intensity of the stimulus necessary to 
produce a seizure and the intervening time since 
operation. The pattern of afterdischarge seems de- 
pendent on the momentary state on the animal as 
well as anatomic placement of the electrodes. 


7. Cortical projection of the auditory system in 
the rhesus monkey. — THELMA KENNEDY, NEL- 
SON KIANG and SAMUEL SUTTON, Chicago. 


The cortex of the monkey was explored for evoked 
responses to tonal pulses from 70 to 50,000 ¢/sec., and 
to brief acoustic clicks of 1.0 msec. duration. The 
sound signals were introduced through plastic tubing 
inserted into the external auditory meatus, and re- 
sponses were recorded from the cortex using a .2 
mm. stainless steel wire electrode, and displayed on 
an oscilloscope. 

The classical auditory area on the superior sur- 
face of the superior temporal convolution was map- 
ped using evoked strychnine responses to the range 
of pure tones. Differential sensitivity for frequency 
was found. The area of maximal sensitivity for low 
tones lies anteriorly, and as one moves posteriorly the 
sensitivity is greatest for increasingly higher fre- 
quencies. 

A larger area, including the lateral surface of the 
parietal lobe and superior temporal convolution, and 
the parietal operculum and insula, which had been 
found to be responsive to auditory clicks by Pribram 
et al. (Pribram, K. H., Rosner, B. S. and Rosenblith, 
W. A. Electrical responses to acoustic clicks in 
monkeys: extent of neocortex activated. J. Neuro- 
physiol., 1954, 17: 335-344) was also examined. 
Evoked responses could be obtained under Dial but 
not under Nembutal anesthesia. No strychnine in- 
duced evoked responses could be elicited, nor was 
this widespread area frequency sensitive. Evidence 
from the action of other topically applied drugs, 
depth recording, and surgical isolation indicated that 
the responses over this widespread area are of a 
different nature than those from the classical auditory 
area, and their source is not generated locally under 
the electrode. 


8. Frequency analysis of the EEG in eight year 
old children. — JEAN M. NICHOLSON, JOHN R. 
KNOTT, ROBERT E. CORRELL, Lowa. 


Analysed EEG recordings were taken from 200 
‘‘normal’’ children between the ages of 8 years 7 
months and 9 years 6 months and from 30 ‘‘normal’’ 
adults 22-30 years old. Twelve scalp electrodes and 
ear references were used. The relative voltage for 
each analyzer frequency, based on 3 epochs, was com- 
puted for 12 monopolar and 12 bipolar derivations, 
and the two groups compared. 

The most outstanding feature of the 9 year 
group was a bimodality of all curves in the theta 
and alpha bands, exeept those involving occipital 
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leads, which showed relatively more alpha; and those 
involving frontal leads, which showed relatively more 
theta. In the adult, the trend for relatively more theta 
as one moves forward over the head still holds, the 
monopolar frontal curves tending to bimodality. The 
high incidence of theta, seen in the 9 year group, 
and partially remaining in the frontal and temporal 
areas in the adult, suggests that theta is more pre- 
valent than an idealized concept of normal would 
recognize. 


Curves above 14/sec. for both the 9 year old and 
young adult groups have a very close identity, with 
peaks at 15 and 22/sece. 


In the alpha band, the occiput peaks at 10/sec. 
in the adult and 9/sec. in the 9 year group. The 
mode of the distribution appears to drop more sharply 
when anterior positions are recorded than do the 
shoulder frequencies of 8 and 9/sec. and 11 and 
12/sec. in the adults; and 7 and 8/sec. and 10 and 
11/sec. in the children. It would, therefore, appear 
that the alpha rhythm is indeed plural, one or more 
components being localized to the occiput, others 
tending to be more widespread. 


In agreement with other workers, a wide vari- 
ability was noted from subject to subject in both 
groups. The adult group tended to somewhat greater 
variation than the children. 


A remarkable similarity was noticed between 
analyzer data based on monopolar leads and those 
based on comparable bipolar leads, in both groups. 


9. Some EEG changes resulting from stimulation 
of the human cerebellum. — NicHoLtas WeET- 
ZEL and Ray S. Sniper, Chicago. 

Electrical stimulation of the intact cerebellum 
was carried out in three unanesthetized human cases 
and standard recording techniques were used to 
visualize the altered electroencephalogram as recorded 
from scalp eléctrodes. 


In this preliminary study both the anterior lobe 
and tonsilar portion of paramedian lobule were stim- 
ulated with voltages ranging from 5 to 25 and with 
frequencies from 10 to 200/sec. 


Slowing of frequencies and reduction of voltage 
in the EEG were common findings during anterior 
lobe stimulation, while increased frequencies and volt- 
ages resulted from tonsilar stimulation. It is empha- 
sized that this is a preliminary report and the results 
from additional cases are being studied. However, the 
above data on the human are compatible with earlier 
observations made on lower animals. 


10. Some abnormal aspects of temporal lobe func- 
tion. — Warp HALSTEAD. 


11. Inter-relations between the mesial-temporal and 
orbital-frontal areas of man revealed by strych- 
nine spikes. — JOHN F. KENDRICK and FREDE- 
ric A. Grisss, Chicago. 

Three per cent strychnine applied to and injected 
into the brain of man produces spikes which spread 
in a manner that indicates a close functional relation 
between the mesial-orbital and mesial-frontal regions. 
These areas are more intimately connected with the 
anterior and inferior temporals on the same side and 
on the contra-lateral side than they are with the 
lateral-temporal and lateral-frontal areas. We have 
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reported elsewhere that spontaneous seizure discharges 
in the mesial-temporal region commonly spread to 
the mesial-orbital cortex and vice versa. Thus the 
observations reported here with strychnine are entirely 
comparable to those obtained in patients with sponta- 
neous seizure activity of the type that occurs in psy- 
chomotor epilepsy. Spike discharges are common in 
the mesial-temporal cortex of patients with psycho- 
motor epilepsy and with psychosis and in the mesial- 
orbital cortex of patients with psychosis but without 
clinical or preoperative electroencephalographic evi- 
dence of epilepsy. 

Very high voltage strychnine discharges can 
occur slightly below the surface of the cortex and 
not show in scalp recordings. This observation is in 
accord with that of Hayne and Gibbs and of Denis 
Williams. Discharges of as high a voltage as any 
that ever occur in epilepsy were produced with strych- 
nine in the mesial-temporal and in the mesial-frontal 
areas without manifesting themselves in any signif- 
icant modification of the stalp recordings. Negative 
sealp recordings cannot be interpreted as indicating 
an absence of seizure activity in mesial-temporal and 
orbital-frontal areas. 


12. Use of eye movement in the study of fixation 
shifts with special reference to eye-dominance 
(diagnostic and developmental implications). 
— CHRISTINE Kris, Chicago. 


A technique using bipolar a-e recordings of bino- 
cular eye-motion by placing surface electrodes above, 
below, laterally and mesially about each eye was 
demonstrated, and interpreted in terms of the corneo- 
fundal polar electrical properties of the eye in its 
volume-conductor-like orbit. When lateral and vertical 
eye motion components are differentiated and record- 
ed simultaneously on separate channels, then inter- 
ocular comparisons of the relatively symmetrical 
tracings yield direct indications of eye-dominance: 
e.g. amplitude and lag differences, and a higher 
incidence of ‘‘roving’’ in the non-dominant eye during 
fixation changes. Implications were illustrated with 
examples from three areas of application: (1) Exper- 
imental and psychophysiological: recording changes 
in ocular fixation shift immediately preceding key 
marker indication of subjective, perceptual expe- 
rience; (e.g. of alternating aspects of Necker Cube 
reversible figure); and interruption (non-reinforce- 
ment) of ‘‘learned’’ (conditioned) pursuit move- 
ment response of adult, to be contrasted with nystag- 
moid (reflex) activity of infant. (2) Developmental: 
examples of deep and light sleep and waking records 
of EEG and eye motions (mostly roving) in 2 one 
and 2 day old infants, showing considerable inter- 
ocular differences (divergence), contrasted with the 
more synchronous oculographs obtained immediately 
before onset of startle reflex. (3) Diagnostic: (a) 
investigation of ocular weakness in normal subject 
during convergence tests, prolonged induced fixation 
changes while viewing a diagnostic stimulus field, 
and during reading; and (b) examples of ocular 
responses of psychotics with normal vision, showing 
relations between temporary inhibition of ocular 
adaptation to pursuit movement stimulus during 
‘<fixed staring state’’ of catatonic schizophrenic, and 
anticipatory, irregular responses of negativistic pat- 
ient, to cardiac and EEG changes before and after 
prefrontal lobotomy. 
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13. Methods of registering GSR during EEG re- 
cording. — R. C. WiLcoTrT. 


14. Pigmentary retinal lipoid neuronal heredogen- 
eration. — JuLtus HOFFMAN, Columbus, Ohio. 


Since Tay and Sachs described their cases of 
amaurotic family idiocy, there has been much work 
done to clarify the etiology of the cerebral lipoidoses 
and the relationship of the different types as well 
as the systemic lipoidoses. 

The present investigation is concerned with the 
detailed study of two sisters afflicted with the juve- 
nile type of amaurotic family idiocy — also known 
as Spielmeyer-Vogt or Batten-Mayou disease. Ex- 
haustive examination clinically and with use of labo- 
ratory procedures reveals no apparent pathology of 
the various organ systems in any way. However, in 
spite of a normal adrenal response, intensive ACTH 
therapy was instituted and found to have a profound 
effect on the clinical and electroencephalographic find- 
ings. Even more significant was the definite, though 
temporary, improvement after ceasation of therapy 
almost as a ‘‘rebound’’ phenomenon. A direct Koda- 
chrome retinoscopic picture was presented to show 
the characteristic clinical retinal pathology. 

A thorough review of the literature and considera- 
tion of the present research findings leads the author 
to the conclusion that the juvenile form of amaurotic 
family idiocy is indeed a separate and distinct entity 
only superficially related to Tay-Sachs’ disease and 
the systemic lipoidoses. 

It is suggested that for clarification this disease 
entity be referred to as ‘‘pigmentary retinal lipoid 
neuronal heredodegeneration’ ’. 


15. Asynchronism of the electrical activity of the 
frontal areas in sleep, a late sequel of frontal 
lobotomy. -— CHARLES ADAMS, ERNA L. GIBBs, 
Joun A. LARSON and FrepeErIc A. Gisss, Logans- 
port, Indiana. 


Serial electroencephalograms on patients who have 
had fronta! lobotomies indicate that in some patients 
18 months after frontal lobotomy the slow activity of 
deep sleep becomes asynchronous in the frontal area. 
This asynchronism is seen in all cases when they 
are studied 36 months or more after operation; it 
seems to be a permanent and irreversible change. We 
assume that this lack of synchronism is due to a 
secondary degeneration of neuronal connections be- 
tween the left and right half of the thalamus. 


16. Variable relationships and latencies in cerebral 
and electromyographic discharges in myoclonic 
epilepsy. — B. K. Baccui, Michigan. 


A case of myoclonic epilepsy with personal and 
familial history of grand mal seizures, but without 
any mental deterioration is presented. She is a 
worker at a county health department. Bilateral jerk- 
ing of upper extremities is exaggerated by opening 
of the eyes. A dual beam oscillograph and sensitized 
paper with a speed of 250 mm. per see. and a multi- 
channel EEG machine are used. There are variable 
durations of cerebral spikes of spike-wave complexes, 
20 to 68 msec. There are variable latencies between 
cerebral spikes of spike-wave complexes and biceps 
motor unit discharges, 12 to 72 msec. as against 
27 to 34 msec. and 15 to 40 msec. in literature (Ku- 
gelberg and Dawson). Although strong spikes and 
EMG discharges are comparable in magnitude, there 
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are many spikes with no or weak EMG discharges 
and vice versa. These variabilities make the following 
mechanisms probable: (a) cerebral spikes are not 
primarily motor or unifocal but multifocal in origin 
and travel by variable multisynaptic circuitous path- 
ways; (b) bombardment of internuncial pools of 
spinal neurons by deep higher centers, not at the 
moment reflected in EEG, may cause abnormal ex- 
citatory states and reflex motor unit discharges as 
irregularly repetitive firing; (c) a voluntary compo- 
nent in such EMGs may be present. 


17. Paroxysmal 14 and 6/sec. spike discharges and 
clinical cases, including a teenage murderer. — 
W. B. Mitts, St. Louis, Missouri. 


This study confirms the fact that with proper 
technique these valid abnormal discharges occur with 
the same incidence, distribution over the head, and 
clinical correlations that have been reported in other 
studies. Individual cases clearly demonstrate the 
relationship between these neurophysiological pro- 
cesses and the unusual attacks. To ignore these or- 
ganic factors by considering the psychodynamiecs only 
is to create a ‘‘sin of omission’’ in diagnosis, pro- 
gnosis and treatment. A possible causai relationship 
is discussed. The effectiveness of mutual understand- 
ing between the therapist and the electroencephalo 
grapher is emphasized. 


18. The effect of chlorpromazine on the electro- 
encephalogram in psychotic patients. — Douc- 
LAS GOLDMAN and JACK BALZHISER. 


This is a preliminary report demonstrating 
changes in electro-encephalograms in 20 patients. 
Changes indicated were increase in alpha rhythm in 
10 patients (50 per cent), under the influence of the 
drug, decrease in alpha rhythm in 2 patients (10 per 
cent), increase in slow activity (delta) in 1 patient 
(5 per cent), decrease in slow activity (delta) in 
6 patients (30 per cent), increased voltage in 6 pa- 
tients (30 per cent), decreased voltage in 1 patient 
(5 per cent), symmetry increased in 3 patients (15 
per cent), and asymmetry increased in 17 patients 
(85 per cent). The significance of these changes is 
not determined, but is the subject of further study. 


19. Study of the lambda-wave response of human 
beings. — ULrricH C. GROETHUYSEN and REGI- 
NALD G, BICKFORD. 


A quantative study was made of parameters af- 
fecting the lambda response (Evans, C. C., EEG 
Clin. Neurophysiol., 1958, 5: 69) to visual stimulation. 
In addition, a standard picture was shown to 7,000 
patients and 40 control subjects undergoing routine 
electroencephalography in this laboratory to establish 
the incidence and clinical significance of the lambda 


response. 
There is a direct and nonlinear relationship 
between lambda amplitude and illumination. In 


several cases lambda waves disappeared at an 
illumination which would still allow accurate visual 
discrimination. Lambda amplitude varies directly 
with size and inversely with distance of the picture 
employed. In general, pictures and designs produce 
more marked lambda responses according to their 
complexity. There was little difference betwee: 
color and black and white. Peri-orbital recordings 
indicate that each lambda wave ‘s shortly preceded by 
an eye movement. The initiol phase trequently is 
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associated with a brief muscle potential, which ap- 
pears in the frontomotor tracings as a negative spi- 
eule. Striking similarities of wave form, amplitude, 
distribution and responsiveness often are found be- 
tween lambda response and flicker response, with the 
eyes open at low flash rates, suggesting the existence 
of common operating mechanisms. Observations made 
during low illumination, mental activity and hypnosis 
are not suggestive of any direct relationship of the 
lambda response to conscious visual imagery. 

The lambda response appears to be a normal 
phenomenon. Our observations in a large group of 
patients do not lend much support to the suggestion 
(Evans) that the occurrence of the lambda-wave re- 
sponse is related to states of neuronal hyperexcitab- 
ility. 
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20. Variations of responsiveness of an _ epileptic 
patient during spike and wave episodes. — R. 
G. BickKForD and DONALD W. Mutper, (Movie). 


21. Photic stimulation in experimental epilepsy. — 

KENNETH A. Koo1, Epwarp C. Beck and CHAR- 

Les I. Lewis, Fort Douglas Station, Utah. 

A movie was presented which illustrated: (1) a 
simple technique for electrographic recording from 
small animals, (2) the technique used to initiate ep- 
ileptogenic cortical foci with penicillin in oil, and 
(3) the response of such a focus in the visual area of 
the cat to intermittent photic stimulation. It was 
found that with this type of lesion slow stimuli 
(1-4/sec.) were highly effective in evoking both slow 
spikes and seizure discharges. 
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1. Electro-encephalographic investigation of chil- 
dren with recurrent abdominal pain. — J. P. 
Rockett, A. B. SPEAR and E. C. Turton, Bristol. 
In view of the interest shown recently in the so 

ealled ‘‘recurrent syndrome’’ in children and its 
possible relationship to epilepsy, our findings in 
regard to one aspect of this syndrome, namely recur- 
rent abdominal pain are presented. In all, 133 chil- 
dren with this condition were investigated and com- 
pared with 133 control children of similar ages. 

The children were between 3 and 14 years of age. 
Only those who had complained of abdominal pains, 
recurrent over a period of at least three months, and 
in whom they had been severe enough to cause inter- 
ference with normal activities were included. Those 
with evidence of organic disease and a small number 
of children suftering from fits but who also had 
abdominal pain, were excluded. All the records were 
examined and reported on by one person who had 
no knowledge of whether the child was in the abdo- 
minal pain or control group, as both groups were 
simply referred without history by a paediatrician. 

The nature and significance of the EEG findings 
in the two groups are discussed. Also the additional 
abnormalities evoked by overbreathing and photic 
stimulation are considered as a whole. There was no 
significant difference between the type of record 
from the childrei: with, as compared with those from 
ehildren without, recurrent abdominal pain. 


2. Clinical and EEG observations in Alzheimer's 
disease. — F. LETEMENDIA and G. PAMPIGLIONE, 
London. 


In the extensive literature on Alzheimer’s and 


Pick ’s ease eontradictory statements are often 
fourd regariing the elinical symptomatology and 
EEG studies report diverse or insignificant 
findings 

't 18 possible t th oo cine 1 EEG 
ovservations may be occois ‘or e changing 


picture of these progressive diseases of an average 
duration of seven years. An attempt has been made 
therefore to collect detailed clinical observations over 
a long period of time and compare them with the EEG 
findings. 

Our material has been collected from psychiatric 
hospitals, mostly the Maudsley and Bethlem Hospitals. 
EEGs were performed in 15 histologically proved ° 
cases of Alzheimer’s disease (either at post mortem, 
12 eases; or by cerebral biopsy, 3 cases). The spe- 
cimens were examined in Professor Meyer’s Neuro- 
pathological Laboratory. EEGs were also obtained 
in 19 clinically clear-cut cases of Alzheimer-Pick’s 
syndrome showing obvious dementia with amnestic, 
phasic, apraxic or agnostic disturbances in the 
absence of other abnormal neurological findings. In 
10 of these cases confirmatory evidence of some degree 
of cerebral atrophy was added by the air pictures. 


In our material the EEG findings have been fairly 
uniform: early loss of alpha rhythms; generalized 
4-7 e/see. activity poorly affected by sensory stimuli; 
often generalised slower waves with occasional bi- 
lateral synchrony. Usually the activity appeared of 
larger amplitude in the anterior than in the posterior 
half of the head and was often increased by over- 
breathing (when practicable). The responses to 
photic stimulation were of small amplitude but well 
preserved. (In only one case sharp waves, spikes and 
slow waves were evoked.) Oral administration of 
Seconal (gr. 3 to 442) appeared to diminish the slow 
activity during drowsiness and even during sleep. 
Barbiturate induced fast activity was scanty and 
usually only seen near the vertex (not at all in the 
prefrontal regions). Sleep spindles were poorly re 
presented and K complexes rarely evoked by noises. 
When the patients woke up the slow activity reappear 
ed generalised 2nd no alpha rhythms were seen. Asym 
metrics were uncommon ana mild. Sharp elements 
were seen in 11 of the 34 cases (7 of the histologically 
proved ones and spikes in ” cases. 
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In the literature the EEG findings have been 
reported by some as insignificant sometimes related 
to the patient’s clinical state (confusional episodes, 
drowsiness), by others to patterns commonly seen in 
senile and arteriosclerotic patients, by others still in 
relationship to the occurrence of seizures. 

In our material there was no clear relationship 
to the phase of the disease, to the presence or absence 
of fits, to the degree of demonstrable cerebral atrophy 
nor to the severity of the clinical picture. 

As all our histologically verified cases were of 
Alzheimer’s disease, our conclusions are related main- 
ly to this condition. 


3. EEG after temporal lobectomy. — W. A. KEN- 
NEDY, London. 


This series consists of post-operative recordings 
on 39 out of the first 40 cases operated on in the 
Guy ’s-Maudsley Neurosurgical Unit for temporal lobe 
epilepsy. 

They were all operated on by Mr. Murray Falconer 
between February 1951 and November 1954. Serial 
EEGs were done for periods up to 34% years. 

In general in the immediate post-operative period 
the record shows a reduction of normal activity over 
the operated side, especially in the temporal region. 

Later the normal activity appears symmetrical and 
the amplitude may seem to be increased in the central 
region on the operated side. 

Slow activity may be seen in front of, above 
and behind the operation site and this may persist for 
many months. Epileptic activity if seen, is also more 
usually seen around the operation site. 

In some cases the responses to photic stimulation 


may be reduced on the operated side but later these 
become symmetrical. 
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Recording with sphenoidal electrodes shows a gross 
reduction of activity over the operation site and this 
usually persists although in some cases subsequently 
no such asymmetry may be seen. 


The cases may be divided into two. groups accord- 
ing to pathological reports on the removed portions 
of temporal lobes: 1, diffuse pathology; 2, focal 
macroscopic lesions. 


In the first group there are 20 cases that have. 
been followed for at least one year post-operatively. 
Of these, 11 had shown unilateral abnormality and 9 
had shown bilateral abnormalities in the pre-operative 
EEGs. 


Of the unilateral cases after one year, 4 showed 
no epileptic activity and 4 showed epileptic activity 
confined to the operated side. One case showed bi- 
lateral epileptic activity, one epileptic activity con- 
fined to the unoperated side and a third, subcortical 
activity without any cortieal focus. 


Of the bilateral cases, after one year, 2 showed 
no epileptic activity, 3 showed epileptic activity con- 
fined to the operated side and 4 showed bilateral 
epileptic activity. 

In the second group there are only 7 cases that 
have been followed for at least twelve months post- 
operatively. Of these 3 had shown unilateral abnor- 
mality and 4 had shown bilateral abnormalities in the 
pre-operative EEGs. After one year epileptic activ- 
ity was seen in only 2 cases and it was confined to the 
operated side. Both these cases had shown bilateral 
abnormalities pre-operatively. 


Although the numbers are small it would seem 
that the improvement in the post-operative EEGs is 
more marked in cases with focal macroscopic legions 
than those with diffuse lesions. 


BOOK REVIEWS 
Edited by CHARLES E. HENRY 


CLINICAL ELECTROMYOGRAPHY 


ALBERTO A. MARINACCI, M.D. 
San Lucas Press, Los Angeles, 1955, xxi 4+ 201 pp. $6.00 


Electroencephalography has been the foster parent 
of that abandoned infant, the EMG, for so long that 
few can remember the circumstances of adoption. 
The infant has now reached a degree of maturity, and 
a good description of the acquired family char- 
acteristics as well as individual peculiarities is badly 
needed for there is no real family resemblance. Dr. 
Marinacci has had a very considerable experience in 
the clinical use of the EMG and has set down a 
comprehensive yet brief account of its use in the 
clinic, with an historical introduction and good bi- 
bliography, in an attractive monograph of 182 pages. 
Physiological principles and the questions of fibrilla- 
tion and fasciculation are discussed in the first 50 
pages. This section is somewhat diffuse and rep- 
etitious. Some simple diagrammatic illustrations would 
make it easier for the beginner to understand, 
especially in relation to the differences between nor- 
mal polyphasic units and those that are significantly 
abnormal. A few isolated statements such as the need 
for physical therapy to keep muscles fibrillating are 
questioned by the reviewer, but in general the ap- 
proach is sensible and direct. 


In the sections devoted to different syndromes 
and diseases there is a tendency to overstate the de- 
cisive value of the EMG. The clinical findings are of 
paramount importance, and it is in relation to the 
type and degree of muscular weakness or spasm and 
the manner of their development that the EMG find- 
ings find their true significance and greatest value in 
clinical problems. The EMG is a poor substitute for 
a good history and careful examination. A _ brief 
review of the many attempts to quantitate EMG find- 
ings, and the technical reasons for the unsatisfactory 
results of such attempts would have been of great 
value. The EMG has remained essentially a sampling 
procedure, and this fact needs emphasis. As such its 
value is limited, though at times considerable, and 
occasionally unique. 

At the end of the book there is a general dis- 
cussion of method, but more detailed description of 
electrodes and of how to make them could have been 
included with advantage. This is a useful laboratory 
manual and can be recommended to those interested 
in venturing into this field. 

D. DENNY-Brown, M.D. 
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